by the Trickling Filters at Decatur, Illinois 


By WILLIAM D. HatTFIELD* 


In a study of trickling filter loadings and efficiencies we must first define 
the terms and establish the laboratory tests on which we are to base calcu- 
lations of efficiencies. The definition of terms is necessary so that misun- 
derstandings will not arise. A good trickling filter effluent should be low in 
biochemical oxygen demand and should have at least a few parts per million 
of nitrates. The amount of nitrates present will depend to a large extent 
on the amount of nitrogen in the applied sewage and also on the filter load- 
ing, for after the loading has reached its maximum there is a decrease in 
nitrates. Suspended matter has not been considered in this discussion be- 
cause it should be removed by final sedimentation, and therefore does not 
detract from the true quality of the effluent, except perhaps during oc- 
casional periods of sloughing. 

The purpose of the trickling filter is to remove as much as possible of the 
dissolved and colloidal organic matter and to stabilize the remaining solids 
by processes of absorption and oxidation. The efficiency of a filter is a 
measure of this removal and at present is best indicated by the removal of 
biochemical demand. Therefore in this paper the efficiency of trickling 
filters is defined as the percentage removal of B. O. D. This percentage 
removal may or may not be related to nitrate formation or the stability of 
the effluent. By this definition, efficiency is not related to the quality of 
effluent but is the percentage removal of B. O. D. 

The quality of the final effiuent depends, among other things, on the 
residual B. O. D. therein, bit the actual work accomplished by the filter is 
better represented by the percentage removal of the inflowing organic 
load. It is this filter-work that is being discussed in this paper. 

The stability toward methylene blue of an effluent is primarily dependent 
on the nitrates present. For example, a good effluent with only 5 parts 
per million of B.O. D. may have a 5-day stability because of only 1 p. p. m. 
nitrate, while a poor effluent with 50 p. p. m. B. O. D. may havea stability 
of greater than 10 days (90% +) because of 20 p. p. m. nitrates. (The 
latter effluent was actually obtained at Decatur with a very strong sewage.) 
Nitrates and stability are good indices of the condition and operation of 
an individual filter, but are poor indices of the quality of the effluent when 
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not correlated with the biochemical oxygen demand. They are of little 
value in comparing the relative efficiencies of different plants. (See U. S$ 
Pub. Health Service Bull. 132, pages 18-19.) Their value as a routine 
method to assist in plant operation is not questioned. 

The term ‘“‘filter loading’’ should include both the rate of application of 
the influent, in million gallons per acre per day, and the concentration of 
organic matter applied (p. p. m. B.O. D.). Greeley and Hatfield* have 
expressed this loading in pounds per acre per day of B. O. D., applied as fol 
lows: Loading = lbs. per acre per day = p. p. m. influent B.O.D. x 
8.34 X million gallons per acre per day. 

It is more logical to express loading by surface rates, rather than to divide 
the loading by the depth of the filter, which gives the data on an acre-foot 
basis. The acre-foot loading assumes that the last foot of filter depth does 
exactly the same percentage work as the first or top foot. This is not true, 
particularly with the removal of B. O. D., which takes place largely in the 
upper portions of the filter. The removal of B. O. D. isa logarithmic func- 
tion and not a straight-line function. Until the varying rates of oxidation 
in each foot of depth of the filters are known accurately, and these varying 
rates applied mathematically to the surface loading, we cannot logically 
use the ‘‘per acre foot’’ loading. 

From the data in the literature and presented later it appears that the 
relation between trickling filter loadings and efficiencies of B. O. D. removal 
may be proportional, but that the relation between loading and quality 
of effluent is dependent on many factors and is a complicated problem not 
yet solved. The maximum loading limit which a filter may take under a 
given set of conditions and produce a satisfactory effluent is of considerable 
importance to the designing engineer. 

Keefer’ presented data on the Baltimore filters which indicated that 
the percentage removals of B. O. D. were greater with increased strength 
of sewage. Childs and Schroepfer (private communication) have collected 
data from 15 widely separated plants which apparently indicate that the 
percentage removal of B. O. D. for any given sewage is not materially af- 
fected by rather wide variations in the strength of the applied sewage or 
by the rate of application. There were rather wide variations, however, 
between the percentage removals of the individual plants. It is also in- 
teresting in this connection that Hatfield‘ found that the percentage re- 
moval of B. O. D. by pre-aeration of the strong starch-waste sewage of 
Decatur depended on the time, expressed in hours of aeration, and not on 
the strength of the sewage (within the limits of 300 to 1000 p. p. m. B. O. D.). 

If normal variations in sewage strength and rate of application have 
only a slight effect on the efficiency of a trickling filter, what then are the 
factors which cause the wide variations in efficiencies of various plants? 

The Decatur sewage treatment plant has operated with a wide range of sew- 
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age concentrations, rates of application and efficiencies. In the early days 
(1925-1926) the existing Imhoff tank-trickling filter plant was greatly over- 
loaded with a starch-waste sewage mixture having a population equivalent 
of from 300,000 to 400,000. Then followed the experimental pre-aeration 
of this mixture to increase the capacity or loading of the existing filters. 
This was followed by the construction of the pre-aeration plant proper and 
the simultaneous recovery by the industry of a very large part of the plant 
sewage losses. The present plant, including the pre-aeration unit, has 
a designed capacity of 150,000 population equivalent. This capacity was 
reached in 1928 by the reductions mentioned and in 1929 the sewage was 
further reduced to between 100,000 and 120,000 population equivalent. 
In 1930, due to more efficient recovery of the starch wastes and also to a 
reduced operation during the business depression, the population equiva- 
lent has been about 80,000. Operation of the filters during these periods 
furnishes data which are most interesting from the standpoint of filter 
loadings and efficiencies. 

For the sake of clarity let us classify the variable factors which may enter 
into or affect filter efficiencies in two groups, as follows: 

1. Structural variables (design). 
Depth of filter 
Type of underdrains and ventilation 
Length of dosing and rest periods 
Size, shape and kind of filtering material. 
Physiological variables. 
Quantity of food for growth and its concentration 
Quality of food, or kind of organic matter 
Concentration and quality of air (see ventilation and underdrains) 
Temperature for growth 
Toxic chemicals in sewage. 
In comparing efficiencies of different filters it is exceedingly difficult to get 
all the necessary data on each variable. Therefore let us try to eliminate 
a few of the structural variables by a study of the literature and then make 
the other structural variables constant by limiting our study to the Decatur 


bo 


plant. 
Structural Variables 


Depth of Filter. Depth is probably not an important factor after a 
depth of six feet is reached, except for certain unusual sewages or trade 
wastes. Buswell and Strickhouser? have summarized their studies on 
the 10-ft. filters at Urbana-Champaign somewhat as follows: 

1. The quality of effluent from the 10 ft. level was no better than 
that from the 6 ft. level. 2. The additional depth below 6 ft. did 
not produce a more satisfactory effluent at higher rates of filtration. 
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Moreover, ponding and clogging became the limiting factors for 
high rates of filtration. 3. A larger area of 6-foot filters at 
lower rates will produce more purification than an equal cubical 
volume of 10-foot at proportionally higher rates, because the 
first 6 feet do most of the work. 


Levine® has published data on the treatment of skim milk wastes on an 
experimental filter 6 ft. deep, from which the following quotations are 
taken: 


1. The elimination of solids took place primarily in the upper 3 feet of 
the filter. Suspended solids were developed in the second to fourth foot of 
the filter. 

2. The oxygen-consumed values (30 minutes boiling with permanganate) 
for the raw wastes were 195, 375 and 716 p.p.m..... The reduction in 
oxygen-consuming constituents was 75.1 to 87.3 per cent.... As was ob- 
served with the solids, the elimination of oxygen-consuming constituents 
was almost entirely in the upper 3 feet of the filter. 

3. With higher rates of application a greater depth of filter was con- 
cerned with the removal of organic nitrogen constituents. 

4. Ammonification was most marked in the upper layers of the filter. 

5. Nitrates were reduced in the first foot but increased gradually there- 
after. 

6. Stability of the effluent is intimately associated with the nitrate con- 
tent. 

Although the data in the literature on the work accomplished in a sprin- 
kling filter are somewhat discordant, nevertheless it is pretty well established 
that the oxygen-consuming organic matter is largely removed in the first 
three or four feet and that the nitrogen is lost as ammonia, or is oxidized to 
nitrates, more gradually as the depth increases toward six, eight or ten feet, 
depending on the concentration of nitrogen present. The upper portion of 
the filter may be considered as somewhat similar to the first stage or car- 
bonaceous oxidation stage of the B. O. D. curve and the lower portion of 
the filter as the nitrifying or secondary stage of the B.O. D. curve. Filters 
with greater depths than six feet may produce higher nitrates with very 
strong sewages or trade wastes, but with normal sewages it is doubtful if 
greater than six-foot depths are economically advisable. 

Type of Underdrains and Ventilation.—The underdrains should be 
designed with sufficient capacity to carry away the filtered sewage as it ar- 
rives on the filter floor. Certain experiences at Decatur would indicate 
that even this is not absolutely necessary, although it is of course advisable. 
The filters at Decatur operate by gravity and at certain stages of the river 
have operated with one or two feet of the stone submerged for periods of 
two to three weeks without any considerable deterioration of the effluent. 
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[n fact, they have operated fairly well with three feet of the stone sub- 
merged. 

Buswell and Elder! reported, from data on the composition of air in 
filters, that no significant depletion of oxygen was noted even in the bottom 
layers of a filter constructed with underdrains which were inadequate to 
drain the water properly. 

The above data are not an argument for poor underdrain design, but an 
attempt to show that the underdrain and ventilation systems probably are 
not a vital factor in the efficiency of the average filter, at least among those 
studied, and may reasonably be eliminated as an unimportant variable, so 
far as the efficiency of oxygen-demand removal is concerned. 

Length of Dosing and Rest Periods.—During the past five years the 
Decatur sewage has been dosed over a wide range of dosing cycles without 
showing much effect on the final effluent. The old dosing tanks operated 
on a cycle of 8 to 12 minutes. The testing station filter was operated on 
cycles as low as 3 minutes, without any apparent change in the effluent. 
The new dosing tanks operate on an 18- to 20-minute cycle, with 8 minutes 
tospray. Since good results have been obtained with such wide variations 
in sewage strengths, using dosing cycles from 3 to 20 minutes, it appears 
that satisfactory results may be obtained on almost any reasonable cycle, 
and that this variable may be neglected in comparing results. The author’s 
experience with very long cycles, 7. e., one to two hours, indicates a lowered 
efficiency in these extreme cases. 

Size, Shape and Kind of Filtering Materials.—The committee’ of 
the American Society of Civil Engineers on filtering materials for sewage 
and water filters have compiled some very useful data on filter materials 
and it is hoped they will extend the work from the structural and physical 
point.of view to that of size and efficiency of filter operation. In studying 
the Decatur data this variable may be neglected because all the data are on 
the same filtering material. 


Physiological Variables 


A study of the Decatur filters will be of particular interest since the struc- 
tural variables mentioned above are either immaterial or constant and be- 
cause of the wide range of the physiological variables during the past few 
years. The B. O. D. has varied both in quantity and quality and the aver- 
age monthly sewage temperatures have ranged from 65 to 95 degrees Fahr- 
enheit. 

Data on the influent and effluent B. O. D., the per cent removal of 
B. O. D., nitrates and stability of the effluent, and the temperature of the 
sewage during 1925, 1926, 1928, 1929 and 1930 are given in Tables I, II and 
III. Table I contains average monthly data for the 3-acre sprinkling filter 
before the starch wastes were largely recovered by the starch industry. 
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Table II contains the average data for the testing station. The testing 
station was operated during the same years as are represented by the data 
in Table I and was treating the same sewage, except that it was modified by 
pre-aeration. Table III contains the average data for the same three acres 


TABLE I 
MAIN FILTER LOADINGS AND EFFICIENCIES, 1925-1926 


Biochemical Oxygen Demand 


Mil. Gal. Loading, Per cent Nitrate 
per Acre Influent, Lbs./Acre/- Effluent Removal Temp., N, Stability, 
Date per Day P. p.m Day P. p.m. B::O. D. rae P. p.m. Per cent 
1925 May 1.70 37 5250 25 93 91 li.3 90 
June 1.76 388 5700 24 94 93 7 9 90 
July 2.00 290 1830 26 9] 92.5 4.3 90 
Aug. 1.50 344 1300 3h 91 94.5 7.4 90 
Sept. 1.28 105 320 25 94 93 9.2 90 
Oct. 1.21 530 5340 79 85 83 5.5 60 
Nov. 0.74 610 3760 130 79 78 6.5 40 
Dec. 0.79 595 3920 Fa 88 77 17.0 60 
1926 Jan. 1.06 650 5740 63 90 74 20.0 90 
Average 1.34 465 5200 53 89.5 86 9.8 78 
TABLE II 
TESTING STATION FILTER LOADINGS AND EFFICIENCIES, 1925-1926 
Biochemical Oxygen Demand Temp., 
Mil. Gal Loading, Per cent ~ me. Nitrate 
per Acre Influent, Lbs./Acre/- Effluent, Removal, Crude N, Stability 
Date per Day P. p. m Day P. p. m B.O. D. Sewage P. p.m. Per cent 
1925 Sept. 3.50 146 $250 31 79 93 5.9 54 
Sept. 3.78 195 6150 14 78 93 11.0 85 
Oct. 3.50 237 6900 38 84 83 7.6 79 
Oct. 3.30 269 7550 52 81 83 8.6 90 
Nov. 3.36 387 10800 67 83 78 6.6 54 
Dec. 1.74 317 16520 69 78 77 14.0 89 
Dec. 2.54 430 9030 72 83 77 3.3 33 
1926 Jan. 2°52 425 8920 103 7” (fs 3.3 11 
Jan. 2.37 340 6720 58 83 82 12.0 87 
Feb. 3.00 284 7100 54 81 80 10.6 a 
Feb. 3.0-5.0 118 2950-4910 = 41 65 70 18-13 99 
Mar. 4.28 110 3920 39 65 70 19.6 99 
Apr. 3.30 46 1260 16 65 60 18.0 99 
Average 3.18 254 6730 53 iv 79 10.6 74 


Note: The second part of the table consists of high rates of application of an 
effluent produced by from 7 to 11 hours pre-aeration thus approaching activated sludge 
treatment (see Greeley and Hatfield®). 


of filters as those represented in Table I, but the influent has been treated 
in the pre-aeration plant that was constructed in 1927. 

Quantity of Food.—If one compares the strength of influent sewage 
with the filter efficiencies in these tables it is quite apparent that the high 
efficiencies were obtained with influents of high B. O. D. In Table I the 
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B. O. D. varies from 371 to 650 p. p. m. and the efficiencies average 89.5 per 
cent. In the first section of Table II the B. O. D. varies from 146 to 425 
p. p. m. and the average efficiency is 80.6 per cent; in the last section of 
the same table, due to prolonged pre-aeration, the B. O. D. varies from 46 
to 118 p. p. m. and the efficiency is reduced to 65 per cent. The average 
efficiency for the testing station filter given in Table II is 77 per cent. 


TABLE III 
MAIN FILTER LOADINGS AND EFFICIENCIES AFTER PRE-AERATION, 1928-1929 


Biochemical ( Ixygen Demand 


Mil. Gal. Loading, Per cent Nitrate 
per Acre Influent, Lbs./Acre/- Effluent, Removal, Temp., N, Stability, 
Date per Day P.p. m., Day P. p.m. B.O. D. “. P. p.m. Percent 
1928 May 3.33 118 3270 41 65 77.6 4.0 77 
June 3.04 > 130 > 3300 38 >t 76.0 5.5 84 
July 3.44 95 2720 19 80 84.5 5.5 98 
Aug. 3.29 100 2740 23 77 89.5 6.3 98 
Sept. 3.80 98 3090 17 83 89.5 5.6 98 
Oct. 3.25 117 3160 Me 86 86.5 2.5 95 
Nov. 3.23 233 6270 48 79 80.5 2.4 57 
Dec. 3.23 176 4730 38 78 69.5 4.0 50 
1929 Jan. 3.73 150 4680 55 63 67.0 6.0 25 
1929 Feb. 3.60 230 6100 71 65 69.0 2.3 7 
1929 June 2.92 47 1140 16 66 74.0 1.9 79 
July 3.30 rif 2120 20 74 75.0 24 73 
Aug. 3.2¢ 105 2820 18 83 88.0 2.6 95 
Sept. Jee! 113 2930 14 88 87.0 3.9 83 
Oct. 3.31 93 2560 ue 82 83.0 3.0 85 
Nov. 3.06 108 2750 23 79 78.0 3.0 65 
Dec. 3.32 106 2930 30 72 68.5 ra | 58 
/ 1998 |... ual . dais ‘ - - 
Average < 1929 > 3.30 122 3250 30 76 79.0 3.7 72 
1930 May 3.94 72 2380 27 63 Gb 2.2 89 
June 3.47 67 1940 20 70 83 4.7 97 
July 3.18 58 1540 11 81 94 4.4 98 
Aug. 3.15 64 1680 11 83 94 4.7 99 
Sept. 3.20 65 1740 12 82 90 4.1 99 
Oct. 3.21 80. 2140 17 79 82 2.4 68 
Nov. 2.63 74 1620 18 76 78 7.3 95 
Dec. 2.46 100 2050 34 66 71 3.7 80 
Average 1930 3.16 73 1890 19 75 84 4.2 91 


The average data in Table III for 1928 and 1929 check closely with 
those in Table II, since the average influent B. O. D. was 122 p. p. m. and 
the filter efficiency was 76 per cent. The average data for 1930, also given 
in Table III, show a further decrease in influent B. O. D. without a further 
decrease in efficiency. However, during this year the sewage tempera- 
tures were somewhat higher and this would have increased the efficiencies. 
The effect of temperature on efficiencies is discussed later in this paper. 
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The average filter effluents shown in Tables I and II are similar with a 
rather high B. O. D. (53 p. p. m.) and about 10 p. p. m. nitrates. These 
results were obtained with the filters operating most of the time at, near 
or above their maximum loading. The average filter effluents shown in 
Table III are much better than those above with a B. O. D. of 30 and 19 
p. p. m. and nitrates of about 4 p. p.m. Thus, with a greatly decreased 
load, and a decreased removal efficiency, the final effluent is much improved. 

Quality of Food.—Pre-aeration, as practiced at Decatur, reduces the 
B. O. D. of the Imhoff effluent from 25 to 50 per cent. This reduction of 
B. O. D. is accompanied by practically no reduction in total or organic 
nitrogen, thus indicating that it must be the easily oxidizable carbonaceous 


omLEGEND — 
Table IT (1925) 


Table by Childs (1925) 
Table IT (1925) 
Table IT (1928-29) 







% Removed BO.D. 


300 400 500 
B.0.D. in Influent - pam. 


Fic. 1.—Percentage Reduction of B.O. D. Based on Influent, 
Decatur Trickling Filters. 


organic matter that is removed by the short aeration period. The removal 
of this easily oxidizable material reduces the burden on the potential oxidiz- 
ing powers of the filter bed, thereby allowing an increase in the rate and 
load that can be applied to the filters. But this load consists of the more 
resistant organic matter remaining in the pre-aeration effluent, and there- 
fore a reduction in the efficiency of the filter is not surprising. The differ- 
ences in efficiency of the main filter and the testing station filter are easily 
seen in Figure 1. These differences would apparently support the conten- 
tion that a change in the quality or kind of organic matter present changes 
the filter efficiency, were it not for the discordant data plotted as crosses, 
which represent the data in Table III for the main filter in 1928 and 1929. 
The latter data are based on an influent B. O. D. of approximately 100 
p. p. m., but the efficiency varies between 65 and 90 per cent. These re- 
sults therefore throw a considerable shadow of doubt on the effect of the 
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quantity or quality of organic food supply on the filter efficiency, at least 
in this particular case. 

Temperature of Sewage.—Temperature is another variable that is 
recognized as affecting the quality of a filter effluent. Winter tempera- 
tures almost always reduce the nitrate formation and the stability of an 
effluent. The data in the tables and in Figure 2 show a decided correla- 
tion between the average temperature of the sewage and the per cent re- 
moval of B. O. D. by the filters. In fact, except for the three months, De- 
cember, 1925, January, 1926, and August, 1928, the correlation for the other 
23 months is exceptionally close. No explanation for the three exceptions 
has been found in any related data. 

During 1925 and 1926, when the temperature was above 90 degrees, the 
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Fic. 2.—Correlation of Percentage B.O. D. Removal and Temperature, 
Decatur Trickling Filters. 


efficiency was above 90 per cent; when the temperature was 83 degrees 
the efficiency dropped to 85 per cent; when the temperature was 78 de- 
grees the efficiency had dropped to 79 per cent. 

During 1928 and 1929, and with pre-aeration effluent, the summer 
sewage temperatures were between 80° and 88° F. and the filter efficiency 
was between 80 and 88 per cent. These data check almost exactly with 
the same temperature conditions and efficiencies in October and November, 
1925, when the filters were receiving a very much stronger sewage. With 
sewage temperatures between 60° and 70° F. the efficiencies were be- 
tween 60 and 70 per cent. The average sewage temperature for 1928 and 
1929 (Table III) was 79 degrees and the average filter efficiency was 76 
per cent. The sewage temperatures and efficiencies in 1930 (Table III) 
show the same parallelism; the average temperature was 84° F. and 
75 per cent removal of B. O. D. was obtained. This is a somewhat lower 
removal than we have had previously at a temperature of 84 degrees. 
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This lower efficiency is probably due to a much lower loading of the filters 
during 1930. The data in Tables I, II and III, and Figures 1 and 2 show 
that temperature is more closely correlated with filter efficiency than the 
other variables studied at Decatur. 

Filter Loadings.—The plant loadings shown in the tables are expressed 
in pounds of B. O. D. (5-day B. O. D. at 20° C.) applied per acre per day. 
During 1925 and 1926 the filters were pushed to their capacity in an attempt 
to purify as much of the strong sewage-waste mixture as possible. In 
October, 1925, the filter was overloaded with exceptionally strong sewage, 
causing a deterioration in the filter efficiency which was not overcome until 
in January, 1926. This serious overloading occurred on four consecutive 
days, during which loads of 10,000 pounds B. O. D. per acre per day were 
applied. Taking individual days and monthly averages into considera- 
tion, it seems that the filter could handle average loads of 5000 pounds 
B. O. D. per acre per day, provided excessive loads above that average 
figure were not applied. 

During the same years with pre-aeration effluent (Table III), loadings of 
7500 pounds B. O. D. per acre per day were handled with an efficiency of 
80 per cent removal, nitrates of 6 to 10 p. p. m. and stability about 80 
per cent. These data show an increased loading of the test filter of about 
50 per cent and an increased rate of application from about 1.3 to 3.5 mil- 
lion gallons per acre per day, due to pre-aeration of the influent. 

The loadings on the main plant filter shown in Table III are hardly com- 
parable with the earlier loadings because of the large reduction in sewage 
strength, due to the recoveries made by the starch manufacturing company 
in the early part of 1928. The average filter loading for the two years 1928 
and 1929 was 3250 pounds B. O. D. per acre per day, and that for 1930 
was less than 2000 pounds per day. The average removal of B. O. D. dur- 
ing both these periods was very near 75 percent. This percentage removal 
is not far from the average in Table II, although it is intermediate between 
the data in the first and second parts of the table. 

Quality of Effuent.—The quality of effluent from the filters has be- 
come better with each reduction in the filter load, even though the per- 
centage removal of B. O. D. has been reduced. An increase in filter load 
may slightly increase the efficiency of B. O. D. removal but it will more 
greatly increase the B. O. D. in the effluent. It may also increase the ni- 
trates so that the stability will remain as high as before. 

It does not seem possible to state a maximum filter loading at Decatur 
unless a definite quality of effluent is stipulated. In 1925, with the crude 
sewage B. O. D. running between 600 and 1000 p. p. m., we were entirely 
satisfied with 90 per cent stable effluents even though the average B. O. D. 
may have been above 50 p. p. m. part of the time. At that time stability 
to methylene blue seemed to be satisfactory, for we were glad to get even 
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those results. But during the drought of 1930 it has been still more satisfy- 
ing to have an effluent during the summer months with a B. O. D. of 11 
p. p.m. and a stability of 99 per cent. The Sangamon River below De- 
catur, which during the last six months of 1930 has consisted almost en- 
tirely of the above effluent, has been a clear, pretty stream with a good 
positive oxygen balance, a clean sand and stone bottom, and has contained 
more than its share of fish life. 


Conclusions 


It is with hesitancy that I draw conclusions on this rather complicated 
subject. It seems possible to state that (1) at Decatur the percentage re- 
moval of B. O. D. by the filters is more closely correlated with the tempera- 
ture of the sewage than with any other known factor, and (2) the maximum 
permissible loading of filters must be based on the maximum allowable 
B. O. D. in the final effluent. Filter loadings have varied from 2000 to 
10,000 Ibs. per acre per day of 5-day B.O. D. Under the conditions of 1925 
and 1926 the maximum load appeared to be about 5000 Ibs. per acre per day. 
With pre-aeration this load could be increased to 7500 lbs. per day and an 
effluent could be obtained with sufficient nitrate to give fair stability. In 
1930 with pre-aeration loadings of only 2000 lbs. per acre per day excellent 
effluents with very low B. O. D. and 99% stability were obtained. 

Notes: The data presented in the tables were obtained as follows: 

Mil. Gal. per Acre per Day.—In Table I the rates are estimated from fre- 
quent timing of the dosing cycle, but in Tables II and III are calculated 
from metered volumes and are accurate. 

Biochemical Oxygen Demand.—B. O. D. was determiend according to the 
Standard Methods of the A. P. H. A. and is expressed as 5-day demands 
at 20° C. 

Nitrates were determined by the reduction method and include the 
nitrites. 

Stability toward methylene blue was at 20° C. and according to Standard 
Methods of A. P. H. A. 

Temperatures in all cases are the temperatures of the crude sewage. 
There is very little loss of temperature as the sewage passes through the 
Imhoff and aeration tanks. The temperatures in Tables I and III are 
therefore very near to those of the applied sewage. Those in Table II are 
not so accurate because the Simplex type of aeration in the testing station 
tended to lower the temperature during cold winter weather. A tempera- 
ture record was not kept of the testing station filter influent. 
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Ind. Eng. Chem., 20, 832 (1928). 

5. C. E. Keefer, “Operating Results of Baltimore Sewage Works, 1919-22,” 
Eng. News-Record (Feb. 7, 1924). 

6. Max Levine, ‘‘The Purification of Skim-Milk Solutions on a Lath Filter,’’ 
Engineering Experiment Station, Ames, Iowa, Bull., 81 (Sept. 29, 1926). 
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Report of the Water Pollution Research Board for the Year Ended 
June 30, 1930. Dept. of Scientific and Industrial Research. Director, 
Dr. H. T. Calvert. This is the third annual report of the work of this 
British research board. The monthly summaries of current literature 
dealing with water supplies, sewage, trade-wastes waters and river pollu- 
tion are the most valuable abstracts in this field, and should have wider 
circulation in America. They may be obtained from H. M. Stationery 
Office, Adastral House, Kingsway, London, W. C. 2. The subscription 
rate is $3.65 per year. 

The work of the Board during the year covered by the report has in- 
cluded a survey of the River Tees which included monthly observations 
and sampling at 16 stations in the upper non-tidal section of the river and 
also series of observations throughout the 24 hours to ascertain the 
changes which occur during the day and night. Very complete analyses 
have also been made in the lower or tidal reaches, to determine the effect 
of the tide. Biological examinations have been made in great detail. 

Investigations of the treatment of beet-sugar wastes have been con- 
tinued. The use of !/;- to '/,-inch clinker was found to be inadvisable, 
but 3/s- to 5/s-inch media were used successfully for 88 days of the 1929-30 
campaign, treating pulp press liquor, diluted with 3 to 4 volumes of river 
water, at the rate of 120 gallons per cubic yard per day. The biology of 
the filter films is being studied at the Rothamsted station. 

Fundamental studies of biological aspects of the activated-sludge 
process are being made at the London School of Hygiene and Tropical 
Medicine under the direction of Prof. W. W. C. Topley; and of the 
physico-chemical phases, at the University of London, under the super- 
vision of Prof. F.G. Donnan. No reports have as yet been made on this 
work. 

The disposal of gas-works effluents has been studied by a Research 
Sub-Committee of the Institution of Gas Engineers. 
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The Effect of the Dilution Water on the Biochemical 
Oxygen Demand Determination’ 


By H. HEUKELEKIAN? AND N. S. CHAMBERLIN? 


There has recently been a great deal of experimentation and discussion 
with regard to the factors influencing the accuracy of the dilution method 
of determining biochemical oxygen demand. The interest has been due 
to the realization that, imperfect as it might be, this determination is one 
of the most valuable yardsticks for measuring the degree of purification 
in sewage treatment. Unfortunately there has been a lack of uniformity 
in some of the details of the procedure as carried out in different labora- 
tories. The final solution of these difficulties will depend on extensive 
experimentation and not on an empirical basis. Preferably, the experi- 
mentation should be concerted action of a number of laboratories which 
have the facilities for extensive work. Then the problem can be attacked 
systematically and directly. 

Without going into the numerous details of technique involved in the 
determination, which admittedly are of great importance, it seems to us 
that the question of the selection of a suitable dilution water is one of the 
most pressing problems. At present various dilution waters have been 
proposed and used in the various laboratories in this country. Some 
chemists are still using distilled water, which is severely criticized on ac- 
count of its low salt concentration, which causes bursting of bacterial 
cells due to the differences in osmotic pressure within and without the 
bacterial cells. Distilled water consequently gives a lower B.O. D. With 
stream water and highly purified effluents the amount of test material 
introduced, in relation to the amount of dilution water, is probably suffi- 
ciently great to make the effect of distilled water a minor factor. However, 
with untreated sewage and especially with sludge samples, the B. O. D., 
when distilled water is used for dilution, is decidedly lower than it is when 
distilled water is supplemented with salts. Of the salts which are pro- 
posed largely on an empirical basis, mention might be made of NaHCOs, 
KHCO;, KHePO, and combination of salts in varying concentrations to 
make a more complete synthetic solution. Each synthetic water is of 
sufficient merit and promise to warrant further investigation before a 
final selection is made. 

We believe that it will ultimately be necessary to compare these various 
waters with a selected standard. When, for instance, a certain water 
gives higher results than another one, it does not necessarily mean that 

1 Journal Series paper, N. J. Agricultural Experiment Station, New Brunswick 
N. J., Dept. of Sewage Research. 

2 Research Bacteriologist, Dept. of Sewage Research. 

3 Junior Chemist, Dept. of Sewage Research. 





188 SEWAGE WorRKS JOURNAL Apri, 193i 





such a water is of superior value, unless it can be shown that these higher 
results actually correspond to the ultimate B.O.D. The ultimate B. O. D., 
in our opinion, takes place in the receiving body of water; therefore, 
that artificial water is best which gives results comparable to those ob 
tained by using water from the receiving body itself. For this reason 
we selected three streams in New Jersey which were representative of 
different sections and sufficiently divergent in their chemical character 
istics so that we could show: 

(1) Whether natural differences in the streams within a state cause 
appreciable differences in B. O. D. results, and 

(2) Which of the artificial waters give results closest to those obtained 
with natural waters. 

If the chemical variations of the different streams in a state cause de 
cided differences in B. O. D. results, the question of selecting a rational 
standard dilution water, which will be applicable throughout the entire 
country, becomes too complicated. Hence, selection would have to be 
more or less arbitrary. If the differences in B. O. D. results are slight, 
the problem becomes simpler. 


Method 


The following waters were selected for comparison: 
1. Stream water from Great Egg Harbor Creek near Weymouth, in 
the southern section of New Jersey. 
2. Stream water from North Branch, a tributary to the Raritan, in the 
central section of the state. 
3. Stream water from Pequest River, tributary to the Delaware, in 
the northern section of the state. 
4. Sodium bicarbonate water — 100 p. p. m. 
5. Sodium bicarbonate water — 500 p. p. m. 
6. Synthetic water of the following composition, as suggested by 
Mohlman!: 
NaHCO; 65 p. p. m 
CaCl 10 p. p. m 
CaSO, 15 p. p. m. 
MgsO, 10 p. p. m 


7. Phosphate water, as suggested by Theriault—42.5 p. p. m. of 
KH.PO, neutralized with NV/1 NaOH. 

8. Distilled water. 

Large quantities of the stream waters were brought into the laboratory 
July 21 and 22, 1930. They were filtered in order to remove foreign matter. 
Although the streams were selected for their comparative freedom from 
pollution, the waters were stored for two weeks before the first test was 


1 Memorandum Sanitary District of Chicago, Feb. 26, 1930. 
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run, in order to be sure that their original B. O. D.’s were completely 
satisfied. The same original water was used for all the series of tests in 
this study. The waters were analyzed in the beginning for B. colt, dis- 
solved oxygen, pH value, alkalinity, acidity, total solids, ash, chlorides, 
sulphates, iron, calcium, magnesium and aluminium. The results are 
given in Table I. 

The technique of the biochemical oxygen demand determinations was 
in accordance with “‘Standard Methods.’ The bottles containing the 
dilution water were gently rolled before use to prevent stratification. 
Separate dilutions were made outside in a cylinder and the material was 
syphoned into 250-cc., glass-stoppered bottles and constantly stirred. 
In each case, three dilutions were made, with two bottles for each dilution. 
Thus the results expressed in the tables are the averages of 6 determina- 
tions. The period of incubation was, in each case, 5 days at 20° C., in 
a carefully controlled incubator. Three series of tests were made with 
tank effluent and six series of tests with filter effluent. The sewage 
samples were obtained from Plainfield, New Jersey. 


Results 


The results of analyses of the original waters are given in Table I. 
The B. colt count is lowest in the Great Egg Harbor Creek water and 
highest in the Pequest River water; but even the latter, with 1300 B. coli 
per 100 cc., cannot be considered heavily polluted. The dissolved oxygen 
was likewise lowest in the Great Egg Harbor Creek samples and highest 
in those from the Pequest River. Unfortunately no B. O. D. determi- 
nation was made on the original water, but assuming that it was 2 to 3 
p. p. m. initially, and that on subsequent storage it was further reduced, 
the error in the diluted samples due to the B. O. D. of the water itself 
could not amount to more than only a small percentage. As shown in 
Table II, the dissolved oxygen increased on storage in all the waters until 
equilibrium was established around 7.0 p. p.m. These larger quantities 
of water could not be kept in our small 20° C. incubator; they were stored 
in the room and were therefore subject to fluctuations of the summer 
temperature. The small fluctuations in dissolved oxygen content after 
530 days’ storage should be explained on this basis. The pH values of 
the original dilution waters, as well as the effect of the 5-day incubation 
of different dilutions on the pH values of the original water, are shown 
in Table III. The pH value of the water from Great Egg Harbor Creek 
was the lowest and that from Pequest River, the highest. These values 
did not change materially during storage. It will be seen that there was 
a tendency for the pH values of the diluted samples to decrease. This 
effect was somewhat more pronounced in the tank effluent samples than 
in the filter effluent samples, but in no case, with the possible exception 
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of the Great Egg Harbor Creek water, were the pH values low enough to 
become a limiting factor. 

The B. O. D. values of three different runs with the tank effluent, em- 
ploying the different dilution waters, are given in detail in Table IV. It 
was considered of interest, in order to determine the accuracy of the 
method, to calculate the percentage variation of the duplicates from the 


TABLE II 
CHANGES IN DISSOLVED OXYGEN OF THE ORIGINAL STREAM WATERS DURING 
INCUBATION 


Days 0 10 16 22 30 36 43 50 
Great Egg Harbor Creek ... 4.7 Biae: 6.0 1.2 6.8 6.7 7.0 
North Branch 5.4 5.9 6.3 £0 6.9 i beg 7.4 
Pequest River 5.5 6.2 6.3 6.7 6.9 7.2 7.2 


average of each dilution. These figures are represented in Table V, as 
plus and minus deviations from the averages. It will be readily seen 
that with a few exceptions the variations in the majority of the deter- 
minations did not exceed 6 per cent. If the results were to be interpreted 
on the basis of one run, the average variation for the different dilutions 
would be between 2 and 5 per cent, the average for the three runs would 
be 3.5 per cent. In determining the value of different dilution waters 
variations of less than 5 per cent are therefore not significant. The sum- 
marized results for the tank effluent are given in Table VI. The average 
B. O. D. of the three runs with the Great Egg Harbor Creek water was 
122 p. p. m.; with North Branch, 156 p. p.m.; and with Pequest River, 
182 p. p.m. The average B. O. D. obtained with the water from North 
Branch was 28 per cent higher than that from Great Egg Harbor Creek; 
and from Pequest River, 17 per cent higher than that from North Branch. 
These differences are beyond the limit of experimental error and should 
be attributed to the chemical composition of the waters. 

With the artificial waters, the lowest value was obtained with distilled 
water, closely followed by 500 p. p. m. sodium bicarbonate water; the 
synthetic, phosphate and 100 p. p. m. sodium bicarbonate waters gave 
somewhat higher results but the differences were not large. There was 
a difference of only 10 p. p. m. between the results with distilled water, 
which were the lowest, and the results with 100 p. p. m. sodium bicar- 
bonate water, which were highest. Both of these waters differed by only 
5 per cent from the averages with the artificial waters. The synthetic 
water, which had a greater variety of ions, did not give higher results 
than the 100 p. p. m. sodium bicarbonate water and none of the artificial 
waters gave as high results as two of the natural waters but were more 
comparable to the acid water of Great Egg Harbor Creek. 
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Table VII represents the detailed results of 6 runs of B. O. D. determina- 
tions of filter effluent with the various dilution waters. Although the 
variations in p. p. m. in the B. O. D. values between the duplicates were 
closer in this case than in the study with tank effluent, the percentage 
variations as shown in Table VIII were higher, due to the smaller B. O. D. 


TABLE VI 
AVERAGE 5-Day B. O. D. oF TANK EFFLUENT 
Avg. of All 
Series 1, Series 2, Series 3, 3 Series, 
P;. p.m. P. p. m. P. p. mi. P. p. m. 
Stream waters: 
Great Egg Harbor Creek 100 157 109 122 
North Branch 106 215 148 156 
Pequest River 151 233 163 182 
Artificial waters: 
100 p. p. m. NaHCO; 84 162 126 124 
500 p. p. m. NaHCO; 89 146 PTZ. 117 
Synthetic water 84 170 108 121 
K H,PO, water 88 171 108 122 
Distilled water 74 150 119 114 


values. The highest average variation between the individual dilution 
waters for the 6 runs was 8.7 per cent and therefore variations lower than 
this are not significant in determining the value of the different dilution 
waters. 

The summarized results are given in Table IX. Of the stream waters 
the average B. O. D. was lowest with the Great Egg Harbor Creek water, 
while the B. O. D.’s with water from the other two streams were identical. 
The difference amounted to 26 per cent, which is significant and must be 
attributed to the chemical composition of the waters. Of the artificial 
waters, the lowest B. O. D. value was again obtained with the distilled 
water, while the sodium bicarbonate water and the synthetic water gave 
high results, and the phosphate water gave intermediate results. The 
difference between the distilled water results, which were the lowest, 
and the synthetic water results, which were the highest, was 11 p. p. m. 
or 51 per cent. The variation of the results with distilled water from 
the average of all results with artificial waters was 17 per cent, which is 
considerably above the limit of experimental error. The distilled water 
in this case was comparable to the water from Great Egg Harbor Creek 
and the other artificial waters were in the range of the two more normal 
stream waters. 

Discussion 


As shown in Table I, the natural waters selected embraced a wide range 
of chemical conditions. The Great Egg Harbor Creek water was acid 
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in character, had a low alkalinity and 2 2F7 6 2923.9 

had a low total solid content. The = =% es 68 a g F a . ? 

Cl, SOu, Fe, Ca, Mg and Cl ions were g 28 a * : - zs m ee 
present in very low concentrations. 4 RRR s 398 BE 

The water from Pequest River was 3 * - $ § $8 yx 
alkaline in reaction, had the highest 2 ae ee 
solid content and had high SO,, Ca, uRie ne ag 
Mg and Al ion concentrations. Chlo- buieraeis eee: ee 
rides and iron were absent. The oa Ge ae ee 
North Branch water was of an inter- ss wasn 2 wre F927 a 
mediate character in these respects. “'"°S"" 7 “S™ FE 5 
The average B. O. D. values with the a aes 5 
tank effluent and the filter effluent, as Ramm 2 COM =f F 
given in Tables V1 and IX, respec- ieee z t oe 
tively, indicate an interesting relation- oe Se. a 
ship between the chemical compoSi- sw aaswe oo swe gee 2 
tions of these natural waters. In both @!s*=~ # Het BES a 
cases the Great Egg Harbor Creek BSen co oss a  # 
water gave the lowest results. The i Mt i. M i . : : i; 3 
North Branch water gave intermediate ok, ee 
results and Pequest River the highest mor kh mm ONN ae S s 
results with the tank effluent. With Bsa Sees ee 58 
the filter effluent, however, there was a a gan E = 
no difference between the two latter ch as ae) a * g 
waters. It is possible that, with the = agai oO *, 3 
filter efluent, the amount of different ee eee = ae : 
salts introduced with the high percen- aa - B 
tages of sewage was enough to mask pieelnn Caawinn ° 
the original differences in the composi- 7|"""% = FA® gee - 
tion of the North Branch and Pequest _ “Fog 
River waters. The Great Egg Harbor ace i =e Co R 
Creek water, however, was so de- ols ww NNO af s 
ficient in soluble salts that the salts Mee as? a eae 4 eee : 
introduced in the sewage sample were ee a ce e 
not sufficient to overcome the defi- sje Sam 1 aow gers 
ciency. Itseemsthen that thenatural "'°S’° “ NS? GER 3 
chemical variation of stream water, kg a 2 ” 
even within a state, exerts appreciable aia w : noe af 
influence on the B. O. D. results. It ee - 

is true that we have in these three aa aes Oa 
streams wide divergence in chemical »p woes 4 ana fae 
compositions. The Great Egg Harbor * lone m bie a 
Creek water should be considered as 2|2%22 2 BRS gg¢ 
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abnormally deficient in chemical salts. Still, with even normal variations 
in the composition of stream water, differences in the B. O. D.’s are to 
be expected, especially when streams carry material with a high B. O. D., 
such as raw sewage and sludge. 

In comparing the B. O. D. values obtained with the artificial waters 
our results confirm previous work showing that distilled water gives low 


TABLE IX 
AVERAGE 5-Day B. O. D.’s OF FILTER EFFLUENTS 
Avg 
of All 
Series 1, Series 2, Series 3, Series 4, Series 5, Series 6, Series, 
Series P. p.m. P.p.m. P.p.m. P.p.m. P. p.m. P.p.m. P.p.m 
Stream waters: 
Great Egg Harbor Creek 50 43 34 Ay 25 35 38 
North Branch 63 60 35 47 28 53 48 
Pequest River 63 60 39 50 23 55 48 
Artificial waters: 
100 p. p. m. NaHCO; 61 56 30 46 26 49 45 
500 p. p. m. NaHCO; 59 64 42 37 18 45 de 
Synthetic water 64 61 37 44 25 43 46 
KH2PO, water 54 52 35 43 27 39 41 
Distilled water 56 33 33 36 18 34 35 


results. The 500 p. p. m. NaHCO; water gave somewhat lower results 
than the 100 p. p. m. NaHCO; water, especially with the tank effluent. 
This would indicate that if NaHCO; water is to be used it is better to 
select a lower concentration than 500 p. p. m. However, the differences 
between the various artificial waters were not sufficiently great to be de- 
termining factors in selecting any one of them. The important fact seems 
to be that, with the tank effluent, none of the artificial waters gave as 
high results as the better natural waters; while, with the filter effluent, 
the B. O. D. values obtained with the artificial waters came closer to 
those obtained with the two better natural waters. This must again be 
ascribed to the overshadowing influence of the salts in the sewage intro- 
duced in the higher percentage dilutions. 

The important factors which determine the value of a dilution water are: 

1. The pH and buffering values. 

2. The variety and concentration of ions for maintaining the necessary 
osmotic pressure and furnishing the necessary nutrition for bacteria. 

The Great Egg Harbor Creek water and distilled water were lacking 
in both of these respects. In the other natural and artificial waters the 
pH and buffer values were well regulated. That the ionic concentration 
was an important factor is born out by the chemical analyses of the three 
natural waters and their respective B. O. D. values. That the variety of 
ions is also an important factor is shown by comparing the B. O. D. values 
of the natural waters with those of the artificial waters. The single salt 
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dilution waters would probably maintain the necessary osmotic pressure 
but would not furnish the variety of ions for the growth of bacteria. It 
would be hard to reconcile the fact that the synthetic water which carried 
a variety of ions did not give any better results than the single salt dilution 
waters, without assuming that either essential ions were lacking in the 
latter or that they were not present in sufficient concentrations in the 
former. It is possible that certain other considerations have been over- 
looked which might make the stream waters more satisfactory for dilution 
purposes than the artificial waters. Of these, mention might be made of 
the bacterial flora of the stream waters and certain growth-promoting 
substances. It would seem that the organisms introduced by the test 
materials should furnish adequate inoculation, but when high dilutions 
are made with artificial waters, this might become a limiting factor. 

It would be possible to develop, with further research, an artificial water 
with greater complexity of ions. A synthetic water containing sewage 
salts might even be made by drying and igniting a portion of the sewage 
and introducing it into the dilution water. A water of this kind, however, 
will give results comparable to those obtained with some stream waters 
but they will be, for the most part, low or high in comparison with other 
streams. It would be desirable if a single uniformly satisfactory dilution 
water could be found but the variety of purposes for which such a water 
is used seems to make that impracticable. 

The B. O. D. determinations are made for the following purposes: 

A. Stream pollution studies. 

1. B. O. D. of the river water itself. 
2. B. O. D. load of a sewered community emptying either raw or 
partially treated sewage into a stream. 

B. Plant efficiency studies. 

1. Efficiency of a unit or an entire treatment works, in regard to 
B. O. D. reduction. 
2. B.O. D. values of sludges. 

As has been already pointed out, in the determination of the B. O. D. 
of a river water itself the dilution water is either not used at all or used in 
small quantities and can therefore be eliminated from consideration in 
this discussion. It is only when material of higher B. O. D. value is 
tested and found to require greater dilution that the character of the 
dilution water becomes important. The higher the B. O. D., therefore, 
the greater the influence of the dilution water will be. For the deter- 
mination of the pollution load on a river by a sewered community, the 
unpolluted water in the upper stretches of the river should undoubtedly 
be used for dilution purposes. Such a water, if procurable, should be 
stored in order to stabilize its own demand. The use of such a water 
would eliminate the errors usually introduced by a dilution water. On 
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the other hand, results of such studies in different sections of the country 
cannot be compared closely because of the chemical variation of stream 
waters. However, in studies conducted for theoretical purposes or for 
plant efficiency, determinations could be made with a standard dilution 
water. Such results, although only relative, could be compared directly. 
The problem, therefore, seems to have resolved itself into two distinct 
phases. When it comes to stream pollution studies, the problem of getting 
a standard dilution water is apparently too complex. For plant efficiency 
and theoretical studies, however, some research along the lines mentioned 
above might bring forth a standard dilution water. 


Summary and Conclusions 


The effect of various dilution waters on the B. O. D. values of tank 
effluent and filter effluent was studied. Three stream waters from New 
Jersey and five artificial waters were compared, in a number of determi- 
nations. The following conclusions may be drawn from the results: 

1. There was a pronounced difference in the B. O. D. values when the 
three stream waters were used for dilution. 

2. The stream water with the lowest salt concentration gave the lowest 
B. O. D. values. 

3. Distilled water also gave low B. O. D. results. 

4. The differences in the B. O. D. values, when the artificial waters 
were used, were not pronounced. 

5. The B. O. D. values of the tank effluent, when the artificial waters 
were used for dilution, were comparable to the values obtained by the use 
of the chemically deficient stream water for dilution. 

6. The B. O. D. values of filter effluent, with artificial dilution waters, 
were comparable to the values obtained by the use of the better stream 
water for dilution. 

7. The salts in the sewage samples, especially where the B. O. D. is 
low and greater concentrations of sewage exist, overshadow the effect 
of the salts in the various artificial dilution waters. 

8. By increasing the chemical composition of the artificial waters 
qualitatively and quantitatively, the effect of salts introduced by the 
sewage itself might be obliterated. 

9. In determining the B. O. D. load of a stream, water from the un- 
polluted portion of the stream itself might be used for dilution purposes, 
since the variations in chemical compositions of streams influence the 
B. O. D. values. 

10. For theoretical and plant efficiency studies, a standard dilution 
water of certain salt concentration, and containing a greater variety of 
ions than those found in any of the present dilution waters, should be 
developed. 
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Studies on the Treatment of Combined Sanitary 
Sewage and Milk Waste 


By E. F. ELDRIDGE* AND W. E. ZIMMER** 


Many municipalities are confronted with the problem of treating a 
combined sewage consisting of the ordinary sanitary sewage and a large 
proportion of milk waste. The problem is usually confined to the small 
municipality. Some of these have constructed plants with no idea as to 
what results might be expected, but following the usual design for sanitary 
sewage disposal. In some cases trouble has been experienced in the 
operation of these plants. 

With the idea of developing suggestions for the design of treatment plants 
to handle combined sewage of this nature, the Engineering Experiment 
Station, in codperation with the city of Mason, Michigan, conducted ex- 
periments, the results of which are given below. These studies were made 
during the summer of 1930. 

Sewage 


The sewage of the City of Mason consists of the combined sanitary sew- 
age from a population of 1500 people and the milk waste from a large milk 
products plant handling upward of 120,000 pounds of milk daily. The 
sanitary sewage is comparatively strong, due to the lack of infiltration 
in the sewer system. The volume of sewage averages about 225,000 gallons 
daily. The milk waste is comparatively weak for a waste of this kind, but 
large in volume, as it contains the condenser water from a vacuum pan 
which is operating 12 to 16 hours daily. The average volume of this waste 
is 225,000 gallons. 

The combined sewage, therefore, is approximately 50 per cent sanitary 
sewage and 50 per cent milk waste. Both the strength, as measured by 
the 5-day biochemical oxygen demand, and the volume are extremely vari- 
able. The average B. O. D. for a combined morning flow is about 450 
p. p.m. and for the afternoon about 750 p.p.m. This difference is due to 
the fact that the strongest milk waste does not reach the plant until after 
12:00 noon and to the dilution of the early morning flow with water con- 
taining little, if any, milk. A typical analysis of a daily composite is shown 


in Table I. 
Primary Treatment 


The character of milk waste is such that very little material can be re- 
moved by settling unless the acidity of the waste is increased to the point 
where casein is precipitated. This acidity is, of course, undesirable. For 
this reason primary treatment by settling has very little effect upon the 


* Engineering Experiment Station, Michigan State College, East Lansing, Michigan. 
** City Engineer, Mason, Michigan. 
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milk solids contained in the combined waste. Settling, however, is neces- 
sary for the removal of the suspended sewage solids. The question of 
primary treatment resolves itself into a balance between the time neces- 
sary for proper settling and that necessary for the souring of the milk 
waste. 

The pH of the effluent from the settling tanks should not be lower than 
6.6 to 6.8, if filtration is to follow. The studies at Mason showed that 


TABLE I 


TypicaL ANALYSIS OF COMBINED SEWAGE 


Influent to Effluent of 
Tank, Tank, 
P. p. m. P. 9.'m. 
Total solids 1160 800 
Loss on ignition 840 500 
Suspended solids 290 75 
pH 6.9 6.7 
Oxygen consumed 180 120 
B. O. D. 600 480 


a time interval of 2'/2 to 3 hours could be allowed between the discharge of 
the milk waste at the milk plant and the application of the settling tank 
effluent to the filters. Thus at Mason approximately 50 minutes to 1 hour 
was required for the milk waste to flow from the plant through the sewer 
to the treatment plant. This left an allowable detention period in the 
tanks of 11/2 to 2 hours. The actual detention period was somewhat less, 
but satisfactory settling was always obtained. At no time, using this 
settling period, did the pH drop below 6.7. 


Sludge Digestion 


The next question relates to the effect of the milk solids on the digestion 
of the sludge from the settling tank. It was thought that perhaps regula- 
tion of the pH would be necessary or, at least, advantageous with this 
type of sludge. Samples of the fresh solids were collected in pails sus- 
pended in the tanks. These samples were composited and analyzed for 
solids content. A measured quantity (1500 cc.) of the well-mixed sludge 
was placed in each of six 3-liter bottles. These bottles were connected 
with cylinders for the collection and measurement of gas and were fitted 
with tubes from which samples could be drawn for analysis. 

Two of these samples were allowed to digest without control, two were 
adjusted to a pH of 7.2 to 7.4 with calcium carbonate, and the last two were 
adjusted to 7.4 to 7.6 in the same manner. A temperature of 75° F. was 
used for the digestion. Adjustments and gas readings were made daily. 

At first there was very little gas production due to the lack of digested 
sludge in the samples. During this development of digestive bac- 
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terial flora the pH of the uncontrolled samples dropped to as low as 6.1 
and much difficulty was experienced in keeping the controlled samples 
at the desired pH. About 20 to 25 days were required for the development 
of the anaerobic flora and, as is shown on Chart 1, very little advantage 
in pH control was apparent. After digestion started, however, the pH 
of the uncontrolled samples increased to about 6.9 to 7.1. Gas production 
in the controlled samples increased more rapidly than in the uncontrolled, 
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Days 
CHartT I.—Gas Production, Solids from Combined Sewage and Milk Waste, with and 
without pH Adjustment, Single Initial Charge. 
CuartT II.—Gas Production, Solids from Combined Sewage and Milk Waste, with and 
without pH Adjustment, Daily Charges. 


reaching a much larger daily volume and complete production in a much 
shorter period. About 20 days were required for the controlled and 27 days 
for the uncontrolled to complete the larger part of the digestion. The total 
volume of gas at the end, however, was approximately the same. 

After carrying these samples through for 67 days, at which time the di- 
gestion was almost complete, a second series of experiments was started 
by adding a known weight of fresh sewage daily to the digested sludge. 
This series was planned to approximate the actual manipulation of a sepa- 
rate sludge-digestion plant. Addition of sludge was continued each day 
for 41 days and adjustments and readings taken as before. 
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Chart 2 shows the daily gas production for this series. As will be 
seen, there was very little advantage obtained from the adjustment of the 
pH. The uncontrolled samples had a very constant pH value between 
7.0 and 7.2. The other two were adjusted to 7.2 and 7.4, respectively. 
Twenty-nine days after the last sludge was added the digestion was com- 
plete. 

From a study of the charts the large variation in the gas produced from 
day to day is apparent. From observation made during these and other 
studies, it would seem that atmospheric conditions, particularly barometric 
pressure, have some effect. In almost all cases the high and low points 
appear in all samples at the same time. 

These studies show that very little advantage was obtained from the 
adjustment of the pH of these sludges once the digestion had started. 
There is, however, an advantage in keeping the pH up by adjustment 
during the accumulation of the digestive flora in normal fresh sewage 


sludge. 
Table II gives the compiled data from the complete series of experi- 


TABLE II 
SLUDGE DIGESTION DATA 


Uncontrolled 


Sample pH 7.2-7.4 pH 7.4-7.6 
Total wt. of sludge 120 gm. 120 gm. 120 gm. 
Total vol. of gas 29,580 cc. 28,450 cc. 28,640 ce. 
Vol. of gas per gm. of sludge 246 ce. 237 cc. 238 cc. 
Vol. of gas per pound of sludge 3.9cu. ft. 3.8 cu. ft. 3.8 cu. ft. 


ments. The average volume of gas per pound of dry sludge in this case 
was about 3.85 cubic feet. 


Secondary Treatment 


At the present time the effluent from the settling tanks at Mason does 
not receive secondary treatment. For the purpose of carrying on these 
studies a small filter was installed at the disposal plant. It was constructed 
on a ten-foot circular concrete base and was composed of graded gravel (1!/2 
to 3 inches in diameter) ten feet deep, held in place with chicken and fence 
wire. Sampling points were provided at foot intervals by laying troughs in 
the gravel as the filter was being built. The effluent was pumped from the 
outlet trough of the settling tanks to an orifice box, from which a measured 
quantity flowed into a dosing tank. The dosing tank was provided with 
a float and flush valve which operated at intervals giving intermittent dos- 
ing. The dosing tank was connected with a revolving arm sprinkler for 
distribution of the waste on the filter. 

The points to be determined by this set of experiments were: What 
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rate of application of this combined waste could be used; and what was 
the minimum depth of filter required for practical efficient operation. 

The filter was operated constantly twenty-four hours a day during the 
summer. The rates were varied at times and composite samples collected 
every few days for analysis. Continuous sampling was effected by allow- 
ing a small portion to ‘ 
drip through a hole a es ea pemaee iene 
punched in each raat 

%o - 
trough. 

The rate of applica- fi" 
tion was varied from ™ Vi Vi 
| to 2.2 million gallons / of 
per acre per day (m. g. ” / 

/ 
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CuHarRT 3.—Reduction of B.O. D. at Various Depths of 
above rates were ac- Trickling Filter Operated at 1.0, 1.3 and 2.2 M.G.A. D. 
tually obtained. 

These results show that with a 1.0 m. g. a. d. rate practically all of the 
oxygen demanding materials were removed in the first 6 feet of filter. 
The effluent from the 6-foot sampling point always had a relative stability 
with methylene blue to exceed 10 days. The average reduction in B. O. D. 
was from 390 to 14 p. p. m. in 6 feet. The pH of the effluent applied to 
the filter varied between 6.7 and 7.3. When operated at 1.3 m. g. a. d. 
the reduction of B. O. D. was from 261 to 16 at 6 feet. In this run, the 
average waste was somewhat lower in B. O. D. than in the previous ex- 
periment at the lower rate. At the 2.2 m. g. a. d. rate the reduction was 
from 395 to 40 p. p. m. at the 6 foot and to 28 p. p. m. at the 8-foot depth. 
The depth of filter must therefore be greater at the higher rate if the same 
stability of effluent is to be obtained. 
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The depth of filter will, of course, depend upon the stability of effluent 
desired. The combined sewage, after settling, will be higher in B. O. D. 
than from normal sanitary sewage and will require either a deeper filter 
or a lower rate or both. From the above studies, it is shown that at a rate 
of about 1.5 m. g. a. d. good effluents can be obtained from a filter 6 to 7 
feet deep. With a rate of from 2 to 2.2 m. g. a. d. a 7- to 8-foot filter will 
be required for the same degree of treatment. 


Conclusions 


The following conclusion on the treatment of combined milk waste 
and sanitary sewage can be drawn from these studies: 

1. Primary settling may be accomplished satisfactorily if the detention 
period plus the time required for the milk waste to reach the plant does not 
exceed 2!/2 to 3 hours. 

2. Milk solids will not settle; therefore, the percentage reduction of 
B. O. D. through the tank will not be as great as with sanitary sewage 
alone, and the B. O. D. of the effluent will be correspondingly higher. 

3. Separate sludge digestion is desirable. This can be carried on in a 
tank separate from the settling tank or in the lower compartment of an 
Imhoff tank. 

4. Regulation of the pH of the sludge is advantageous only during the 
first stages of digestion. 

5. The rate of filtration and depth of filter for the oxidation of the 
effluent from primary settling depends upon the degree of treatment de- 
sired. Stable effluents can be obtained with a 6- to 7-foot filter operated 
at 1.5 m. g. a. d. rate, or a 7- to 8-foot filter operated at a 2 m. g. a. d. rate. 
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A Comparison of Two Methods for Determination 


of Hydrogen Sulphide in Sewage 


By Harry E. Jounson* 


Two methods for determination of hydrogen sulphide in sewage have been 
investigated at the Flint, Michigan, sewage treatment works. The meth- 
ods studied were: 

A. The iodine titration method, in which the difference in c.c. of N/40 
iodine solution absorbed by a thoroughly aerated portion and an unaerated 
portion of sample is recorded. This difference, assumed to be that con- 
sumed in hydrogen sulphide destruction, when multiplied by an appropri- 
ate factor gives the hydrogen sulphide content. 

B. The antimony tartrate method, in which a solution of antimony 
potassium tartrate is added to the sample, a yellow color resulting in the 
presence of sulphides (antimony sulphide). The sulphide content is deter- 
mined by comparing the sample with standards. The method applied to 
aerated and unaerated samples will give volatile sulphide by difference. 
(See ‘“The Antimony Method for Sulphide Determination,’ Salle and 
Reinke, Calif. Sewage Works Jour., 1929, p. 208). 


Discussion 


Both methods were accurate when applied to samples of distilled water 
containing sulphides. When applied to Imhoff tank effluents, however, 
both methods appeared to be inaccurate. The iodine method indicated 
higher sulphide values than were actually present. The antimony method 
entailed a great deal of guesswork in matching the permanent standards 
and unknown samples. On samples containing less than 3 p. p. m. sulphide 
sulphur both methods were equally and sufficiently accurate. With the 
antimony method the lighting effect was important. The nature of the 
original standards presented a difficulty in that they contained colorless 
turbidity (silica) in yellow dichromate solutions, while the sewage samples 
contained colored precipitate in a slightly colored medium. 

The preparation of standards from water containing sulphide and de- 
velopment of the color-suspension with antimony tartrate addition proved 
more satisfactory. The standards were prepared from standard sodium 
sulphide solution (Na2S:9H2O) contained in 0.01% sodium hydroxide solu- 
tion. The standards were acidified after adding the antimony tartrate and 
the yellow precipitate resulted. However, the color under some conditions 
would hold up for only a few hours. Under favorable conditions the stand- 
ards would hold up for about 12 hours but after this time flocculation of the 
precipitate would take place, thus impairing the accuracy of the standards. 


* Chemist-in-Charge, Sewage Treatment Works, Flint, Michigan. 
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The addition of a protective colloid (gelatine) to prevent flocculation of 
the precipitate was next tried. It was found that the addition of gelatine 
to the sulphide water, prior to antimony tartrate addition, entirely pre- 
vented the formation of a colored precipitate but instead a clear amber 
color developed, which varied with the amount of sulphide present. This 
color closely matched the color of potassium dichromate in proper dilutions. 
Standards prepared from potassium dichromate and superimposed over 
blank sewage samples gave results accurate to 0.25 or 0.5 p. p. m. in sul- 
phide concentrations up to 5.0 p. p. m., when the proper amount of gelatine 
had been added to the tartrate reagent. The method would give even 
more accurate results where sulphide is to be determined in clear filtrates, 
since long Nessler tubes could be used for color comparison. 

In the study of the iodine method it was found that the titration endpoint 
was difficult to determine in sewage which was alkaline or concentrated. 
The results obtained were generally higher than the known sulphide added 
should have produced. Slight acidification of the samples with dilute acid 
just prior to the titration with an excess of N/40 iodine solution, followed 
by destruction of the excess with NV /40 thiosulphate, followed by back titra- 
tion with iodine solution, produced sharp and permanent starch-iodide 
endpoints. If the procedure was followed with care, the method was ac- 
curate to 0.2 p. p. m. 

Previously studies had been made of aspiration of the volatile sulphides 
into standard iodine solution and into a weak sodium hydroxide solution. 
Of the two absorbing mediums the caustic solution gave the best results, 
since the iodine loss from a NV/40 solution on 10 minutes aeration was about 
50 per cent. However, the amount of hydrogen sulphide collected in the 
caustic was only from 50 to 80 per cent of that aspirated from the hydrogen 
sulphide water. 


Recommended Methods for Sulphide Determination 


I. Modified Antimony Tartrate Method 
Reagents: 

1. Antimony potassium tartrate solution. Dissolve 50.0 grams of the 
tartrate (commonly known as tartar emetic) in 900 cc. of distilled water. 
After solution is complete add 10.0 grams of pure gelatine (ordinary un- 
flavored cooking gelatine is satisfactory). Let stand a few minutes to 
soften the gelatine, after which warm slightly on a water bath until the 
contents are completely dissolved. Cool and make to 1 liter. Add about 
1 cc. of formaldehyde to preserve the reagent. 

2. Hydrochloric acid solution—1 c. p. acid to 1 water. 

3. Sodium chloride—dry crystals. 

4. Potassium dichromate solution—0.25 grams per liter. (Same as in 
Standard Methods for chlorine.) 
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Standards: 

Use 6.8 cc. of the potassium dichromate solution (4) for each p. p. m. 
sulphur. Make up to 100 cc. in 4-ounce, clear glass bottles. Prepare 
standards of 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0, p. p. m. sulphur. 

Sampling: 

In collecting samples precaution must be taken to guard against aeration 
and loss of volatile hydrogen sulphide. Crude sewage should be allowed 
to settle and the supernatant taken for the test. Ifsamples are to be trans- 
ported prior to testing, sufficient caustic soda solution (5%) should be 
added to render the sewage distinctly pink to phenolphthalein (roughly 5 
ce. per liter of sample). If volatile sulphide is also to be determined an 
additional sample must be collected. Aerate thoroughly to expel all vola- 
tile sulphide gas at time of collection, then add alkali as above. 

Procedure: 

A. Total Sulphide Sulphur. 

Add 1 cc. of antimony solution (1) and a few crystals (about 0.5 gram) 
of sodium chloride (3) to a 4-ounce, clear glass bottle of the same quality 
as employed for the standards. Fill to 100 cc. with the water or sewage to 
be tested. A yellow color indicates the presence of sulphide. After mixing 
add 1 cc. of hydrochloric acid solution (2). Mix and compare with stand- 
ards. Maximum color develops in ten minutes but for practical purposes 
readings may be taken immediately. The reading gives total sulphide 
sulphur (soluble in dilute HCl). 

In sewage work a blank sample should be placed behind the standard 
to effect equal turbidities. 

B. WNon-Volatile Sulphide Sulphur. 

If the sample has already been aerated at the point of collection proceed 
as under (A) recording the value obtained. Otherwise measure out roughly 
150 cc. of the sample and aerate thoroughly to expel the volatile sulphides. 
Then proceed as under (A). 

Calculations: 

(A) P. p. m. total sulphide sulphur. 

(B) P. p. m. non-volatile sulphide sulphur. 

(A-B) P. p. m. volatile sulphide sulphur. For all practical purposes 
this value may be recorded as hydrogen sulphide (H2S). 

Notes: 

1. Aeration of samples may be effectively accomplished by vigorous 
hand shaking in a closed jar or bottle. At intervals of roughly 25 shakes 
the container should be opened and the released gas blown out. Repeat 
this operation until no sulphide odor is noted when opening the container. 

2. In the laboratory the aeration may be accomplished by drawing air 
through the sample at a rapid rate for 10 minutes. 

3. Never add acid until antimony tartrate is mixed with sample. 
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4. If all volatile sulphides have been removed by aeration, little or no 
color is produced from antimony tartrate until after addition of acid. 

5. The gelatine in the reagent (1) may congeal if the reagent is kept at 
40° F. or below for a considerable length of time. Warming to redis- 
solve the gelatine will restore its usefulness. The amount of gelatine in 
the reagent may be reduced to 7.5 grams per liter without affecting results. 
Below this amount some turbidity may develop in the treated samples. 

6. The amount of dichromate reagent (4) required for each p. p. m. sul- 
phide S in the standards was determined by comparing with known sul- 
phide solutions with the eye. Possibly by using a colorimeter the amount 
could be more accurately determined. 

II. The Iodine Method 
Reagents: 

1. Sodium thiosulphate—0.025 N solution (same as used in dissolved 
oxygen determinations). 

2. TIodine—0.025 N solution (1 cc. equivalent to 0.4 mg. sulphide 
sulphur). 

3. Hydrochloric acid—1 c. p. acid to 1 water. 

4. Starch indicator—20 g. starch per liter. 

Sampling: 

Use the same procedure as suggested for sampling in connection with 
the antimony tartrate method for sulphide determination. 

Portions of 200 cc. are preferred for titration. The cubic centimeters of 
N/40 iodine (2) consumed, multiplied, by the factor 2, equals the sulphide 
sulphur content in parts per million. If 100 cc. portions are titrated, N/80 
iodine should be used. 

Procedure: 

Total Sulphide Sulphur. 

A. Total iodine demand: 

Measure out 200 cc. of sample into an Erlenmeyer flask, add 2 cc. dilute 
hydrochloric acid (3) and mix by gentle rotation. Add standard iodine 
solution (2) rapidly until excess is indicated by yellow color, stopper and 
shake closed flask to absorb any hydrogen sulphide that may have been 
released by the acid into the space above the liquid. 

Add 1 cc. of N/40 thiosulphate solution (1) to discharge yellow color 
and then add starch indicator. Ifa blue color appears, add another cc. of 
thiosulphate to discharge the blue color. Return to the blue endpoint 
with iodine. From the total number of cc. of iodine added deduct the 
total volume of thiosulphate added. Record as number of cc. NV/40 iodine 
demand of the sample. 

B. Determination of blank: 

Since substances other than hydrogen sulphide in the sample have an 
iodine demand, a ‘“‘blank’’ determination is necessary. 
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Measure out another 200 cc. of sample. Proceed as under (A), except 
that the sample is thoroughly aerated after adding the 2 cc. of acid in order 
to expel the liberated hydrogen sulphide. The number of cc. of N/40 
iodine consumed in (A) minus the number consumed in (B) multiplied by 
the factor 2 equals the total (volatile plus non-volatile) sulphide sulphur 
in p. p. m. 

(A—B) X 2 = p. p. m. total sulphide sulphur. 

Volatile Sulphide Sulphur. 

C. Iodine Demand after Aeration without Acidification: 

If the sample has been aerated at the point of collection, measure out 
200 cc. and proceed as under (A), recording the number of cc. of iodine 
solution required. Otherwise, measure out roughly 225 cc. of sample and 
aerate thoroughly to expel volatile sulphides. Add no acid to sample be- 
fore aerating. With 200 cc. of the aerated sample proceed as under (A). 
Calculations: 

(A—C) X 2 = p.p.m. volatile sulphide sulphur. For all practical pur- 
poses this value may be recorded as hydrogen sulphide (HS). 

(C—B) X 2 = p. p. m. non-volatile sulphide sulphur. 

(A—B) X 2 = p. p. m. total sulphide sulphur. 

Notes: 

1. Care must be exercised in collecting samples and in measuring them, 
so that loss of hydrogen sulphide will be prevented. 

2. After acidification of the sample in the titration flask, handle gently 
and add iodine promptly. 
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Further Observations on Rapid Stage Sludge Digestion 
By A. M. BuswELL* AND E. L. PEARSON** 


In a recent paper! we described some changes occurring during an ex- 
periment on two-stage sludge digestion. The rapidity and high proportion 
of the digestion occurring in the first stage indicated that further study of 
this stage would be of considerable interest. In operating only the one 
stage and thus eliminating some of the sampling difficulties we also hoped 
to obtain a quantitative balance which would afford a clearer picture of 
the actual changes occurring during digestion than is now available. 

The equipment used was essentially the same as that of the previous 
experiment, namely, a nidus sedimentation tank which provided three 
hours detention; and a digestion tank of 2300 gallons capacity, which, as- 
suming a connected population load of 200, had a per capita capacity of 
1.5 cubic feet. 

This plant was operated as a digestion unit from September 24, 1929, 
to August 12, 1930. The digestion tank was seeded with 290 gallons of 
sludge from another tank and the remainder of the volume made up with 
tap water. Sludge from the sedimentation tank was added three times 
a day thereafter at an average of 21 gallons at atime. Artificial heating 
was employed to maintain the sludge temperature at slightly less than 
25* C. 

Sludge was drawn at the end of six weeks and again four weeks later. 
Thereafter it was drawn once every week for thirty-two weeks, then twice 
a week till the end of the experiment. An average of 190 gallons at a 
time was drawn during the weekly drawings, and 70 gallons at a time during 
the bi-weekly drawings. 

The data given in Table I were direct determinations, except those 
for protein, which were calculated from the ammonia and total nitrogen 
determinations by the formula 

6.25 (total nitrogen- ammonia) = protein 

It will be noted from the data that there was an apparent digestion of 
ash. After the experiment had been run for some time and sufficient data 
collected it became evident that there would be a loss of ash. The sam- 
pling technique was, therefore, investigated and it was found that the rou- 
tine sampling method gave low results for both solids and ash on the di- 
gested sludge. The more gummy, gelatinous settling-tank sludge held in 
suspension heavy particles that could not be held by the digested sludge even 
while being vigoreusly:stirred. Bottom samples showed as high as 20 per 
cent greater solids and-ash than the regular random samples. A typical 


* Chief of Ill. State Water Survey, and Professor of Sanitary Chemistry, University of 
Illinois. 
** Asst. Chemist, Ill. State Water Survey. 
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bottom sample on panning left a residue of 16 grams of solids, per liter 
of sample, which consisted chiefly of sand, gravel, small pieces of bones 
and seeds. Of this residue 54 per cent was non-volatile. A random sample 
taken at the same time left only 4 grams of solids per liter, of which 48 per 
cent was non-volatile. The total solids content of this sample was 6 
per cent, or 60 grams per liter. The bottom sample, therefore, contained 
12 grams, or 20 per cent more solids than the regular sample. Since the 
volume of this bottom layer of heavy solids was not known, a quantitative 
correction could be made on the basis of these samples. However, they 
do indicate that the sampling procedure introduced a consistent error in 
the solids determination of the digested sludge, resulting in a figure which is 
estimated to be low by 20 percent. This estimate is further substantiated 
by the loss of 16 per cent of the ash as indicated by the data in Table I. 


TABLE I 


EFFECT OF RAPID STAGE DIGESTION OF SEWAGE SOLIDS 





————————— Determined — -———Corrected—-— 
Ammonia 

Totalb Com- Vol. Total Vol. 

Solids Greasec Proteind {pounds Ash Matter Solids Matter Ash 
Added Ibs. 5942 1800 1066 42 1412 45380 5942 4530 1412 
Residue Ibs. 3360 335 550 213 1179 2181 3826 2414 1412 
Digested Ibs. 2582 1465 516 Ree 233 23849 2116 2116 0 
Produced lbs. me 171 as aye is ae 
Digested % 43 81 ere 16 52 36 47 0 


Gas Collected 


Per Cent Cu. Ft. Lbs. 
CH, 63.4 25,180 1126 14.8 cu. ft. per lb. of solids digested 
CO: 31.3 12,480 1525 0.6 cu. ft. per capita per day (assuming 200) 
H2 1.6 635 4 8.4 cu. ft. per lb. of vol. matter added 
No 3.7 tact ae 6.4 cu. ft. per lb. of solids added 
Total (CHs, CO., —— —- — 
He) 38,245 2655 


Corrected* 
1.25 lb. per lb. vol. matter digested 
18.1 cu. ft. per lb. vol. matter digested 


“ Corrected on the basis of error involved in sampling. 

° Includes ammonium compounds (acetate and carbonate) 
© Petroleum ether extract. 

? Protein = 6.25 (total N — Amm. N) 


With the equipment available a satisfactory sampling procedure adapt- 
able to routine sampling on this scale of experimentation could not be 
developed. We therefore have adopted a smaller scale digestion unit 
(27 liters) to attempt to obtain a quantitative balance. 

In the previous paper! on two-stage digestion, we reported that the 
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weight of ‘‘grease’”’ digested corresponded to 56 per cent of the weight of 
gas produced. Neave and Buswell? have since found that because of the 
entrance of water into the reaction by which the higher fatty acids are 
converted into gas these produce more than their equivalent weight of gas. 
The amount can be determined by their formula for the homologous series 





ai 9 ee 
of acids (CyH2,0: + 5?) no = "+200, + BX=2) cH) where m is 


the number of carbon atoms in the acid. The same authors’ found that 
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Fic. 1.—Rate of Gas Production and Variation in Ammonia Nitrogen, pH, Alkalinity 
and Volatile Acids in the Digestion Liquor. Sept., 1929, to Aug., 1930.—Rapid Stage 
Sludge Digestion, South Tank. 


the “‘grease’”’ in Champaign-Urbana sewage sludge was composed chiefly 
of a one-to-one mixture of lime soaps and unsaponified fats, the bulk of 
which were palmitic and stearic. On this basis the weight of grease di- 
gested in the previous experiment would correspond to considerably more 
than 56 per cent of the weight of gas produced, as reported, or approxi- 
mately 75 percent. On the same basis the weight of grease digested in the 
present experiment corresponded to 78 per cent of the total weight of gas 
produced, or 2070 pounds. In this calculation correction was made for 
the calcium in the saponified fraction but the glycerol fraction of the 
glycerides was neglected, since it becomes an insignificant fraction when 
the hydroxyl radicals replacing it are considered, and considering that 
glycerol itself produces some gas (as shown by Neave and Buswell’). 
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The next most significant material was protein, 516 pounds of which 
were shown to have digested, corresponding roughly to the weight (585 
pounds) of the gas not accountable for by the digested grease. 

There remained 600 pounds of solids which according to the data had 
been digested. The greatest part of this, however, as indicated by the 
tests on the sampling technique and by the apparent loss of ash, was not 
digested but lost in sampling. The remaining smaller fraction may be 
accounted for by dehydration and digestion of minor constituents of the 
sludge. 

The “corrected” data in Table I were revised on the assumption that 
the ash indicated as having been digested was actually lost in sampling, 
as solids of a 50 per cent ash content, and is presented for comparison. 
The pounds of gas produced (1.25) per pound of volatile matter digested 
emphasize the error in considering the weight of gas produced a direct 
measure of the weight of volatile matter digested, and, therefore, a measure 
of the efficiency of digestion, as is sometimes done. For example, recovery 
of 95 pounds of gas from 100 pounds of added volatile matter does not mean 
that 95 per cent of the volatile matter digested to form gas. Seventy-six 
pounds of organic matter would give 95 pounds of gas. 

The pH of the digesting material as shown in Figure 1 rose steadily 
from 7.1 at the beginning to 7.8 at the end of the experiment. It will be 
noted that the alkalinity, which is composed largely of ammonium car- 
bonate, follows the trend of gas evolution. This suggests that possibly 
alkalinity and pH are the result rather than the cause of good digestion. 
The volatile acids follow a trend opposite to that of gas evolution. It is 
apparent that under proper mechanical conditions the process is self- 
regulating. 

The digested sludge had an average ash content of 39.1 per cent, a 
solids content of 4.5 and a pH of 7.2. It had fair draining qualities and 
an inoffensive tarry odor. On a sand bed it dried to a moisture content 
of 65 per cent in 30 days, was gray in color and more fibrous in texture than 
sludge subjected to a longer digestion period. 
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Some Operation Results, 
Los Angeles Sewage Reclamation Plant 


By R. F. Goupry* 


On May 12, 1930, the Department of Water and Power, of the City of 
Los Angeles, under the direction of Mr. H. A. Van Norman, Chief Engineer 
and General Manager, and Dr. Carl Wilson, Director of Sanitation, placed 
in operation a complete sewage experimental plant having a capacity of 
200,000 gallons per day. The purposes of this plant were to determine the 
installation and operation costs for different degrees of treatment meeting 
the requirements of various schemes of reclamation under investigation and 
to evolve the cheapest and best means for such treatments adapted to 
local conditions. 

The experimental plant combines separate sludge digestion with gas 
collection, utilization and heating, together with the activated sludge 
process. One-third of the activated sludge effluent is given further treat- 
ment in a complete filtration plant including super-chlorination, coagula- 
tion, sedimentation, sludge return, filtration, dechlorination and wash 
water recovery. Complete operation records are kept and daily analyses 
are made of raw sewage, settled sewage, clarified activated sludge effluent, 
chlorinated and resettled effluent, filtered water and dechlorinated water. 
Tests are also made on fresh, activated and digested sludge. Weekly tests 
are made in the aeration and reaeration tanks showing changes in dissolved 
oxygen, free ammonia, nitrites and nitrates for various detention periods. 
All special research investigations are covered by appropriate tests. 

The sewage arrives at the plant by gravity, in volume proportional to 
the flow in a 48-in. trunk sewer having an average discharge of 1.15 second 
feet. It contains various industrial wastes and arrives at the plant quite 
septic. The industrial wastes include: dye, salt and minerals from film 
laboratories, stearates from a soap factory, ground vegetable pulp from dis- 
carded vegetables from a dehydration plant, and cannery wastes from two 
large canneries. One cannery puts up pickles throughout the year, dis- 
charging a certain volume of brine with lactates. It also packs tomatoes 
from September to December, producing a heavy sludge; during the re- 
mainder of the year relish is made which results in heavy periodic discharge 
of green vinegar and turmeric. The second cannery handles peaches in 
July and August, producing a very heavy sludge and caustic water from 
the peeling machines. During the remainder of the year hominy is manu- 
factured, which produces the heaviest sludge with the greatest oxygen de- 
mand values, as compared with other wastes. 

The best indication of the type of sewage handled by the experimental 


* Sanitary Engineer, Department of Water and Power, Los Angeles, California. 
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plant is reflected in the table giving the performance of the preliminary 
clarifier. This sewage is roughly two to three times stronger than the aver- 
age sewage from the entire city. 

In the following discussion the findings should be considered as tentative 
only and as applying to local conditions. 

1. Preliminary Clarification.—Experiments are being conducted on 
the percentage removals for various surface rates from 300 to 750 gallons 











Fic. 1.—Los Angeles Experimental Plant. General View, Showing 
Aeration Tanks in Foreground, Blower House on Right, Filter Plant on 
Left and Digestion Tank in Background. 


per square foot per day. The average detention period has been three 
hours with a rate of 430 gallons per square foot per day, giving 79 per cent 
removal of total suspended solids and 55 per cent removal of B. O. D. 
Particular attention has been given to the type of sludge received. The 
sludge is pumped by a diaphragm pump, with an open discharge, in order 
that the consistency of the sludge may be inspected. It has been found that 
fresh sludge “‘bulks’”’ just as does activated sludge, and, further, that when 
the pH of the raw sewage falls below 6.8 sedimentation is to a large extent 
defeated. This bulking and failure to settle is due in a large part to en- 
trained carbon dioxide from fermentation and particularly to the presence 
of free carbonates. By adding lime to the raw sewage, to raise the pH 
value from as low as 6.5 up to 6.8 to 7.0, good sedimentation is secured. 
The amount of lime added is about twenty pounds per million gallons. 





216 SEWAGE WorRKS JOURNAL APRIL, 1931 





Lime, however, does not seem to concentrate sludge when the bulking 
agent is a derivative of the pectins in fruit wastes. 

The following table gives the performance record of the preliminary 
clarifier : 


CLARIFICATION 
Average Monthly Results (Aug., 1930-—Feb., 1931, incl.) 


Raw Settled Removal 
Total suspended solids 397 82.5 79 
Volatile suspended solids 264 62.6 76 
% volatile 66.5 76 
Biochemical oxygen demand 440 200 55 
Total organic N plus free NH; 59.7 38.0 36.4 
Alkalinity 274 255 7 


The weight of dry solids removed is determined by two independent 
methods, the first depending upon the difference in suspended solids in the 
raw and settled sewage and the second upon the volume of sludge actually 
removed and its percentage of solids as determined from composite sam- 
ples. The average pounds of dry solids settled per million gallons as de- 
termined by both methods is 2565 pounds. The first method gives re- 
sults 4 per cent lower and the second procedure 3 per cent higher. The 


seasonal variation is from 2200 pounds to 3590 pounds per million gallons. 

The fresh sludge has a water content varying from 88 to 96 per cent, 
averaging 94.35 per cent. The per cent of volatile suspended matter aver- 
ages 67.7. Nitrogen content averages 3.3 per cent. 

2. Excess Activated Sludge.—Many experiments have been con- 
ducted on the various methods of handling excess activated sludge, but so 
satisfactory is the system discovered in August of last year that no further 
work is being done on this line. It comprises the very simple expedient of 
pumping the excess activated sludge at a very low and uniform rate into 
the raw sewage ahead of the clarifier. There is a slight increase in the 
water content of the fresh sludge but the saving in volume of water pumped 
to the digester from any other method of handling far overbalances it. 

Excess activated sludge averages 10,000 gallons per million gallons. 
Concentrating it by various method such as sedimentation, coagulation, 
chlorination, etc., reduces the volume to 3900 gallons per million gallons, 
with 97.8 per cent moisture, which is only 710 pounds of dry solids per mil- 
lion gallons. 

It should be noted that the excess activated sludge has twice the volume 
of fresh sludge and contains less than one-third of the weight of solids. 
Even by concentrating the volume 2.5 times the amount of dry solids per 
gallon of concentrated activated sludge is 0.18 pound per gallon com- 
pared with 0.5 pound for fresh solids. 

By returning excess activated sludge to the preliminary clarifier the 
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volume of fresh sludge pumped to the digester is increased from 5500 
gallons per million gallons to about 6000 gallons total volume. Compare 
this with a total of 9400 gallons by using concentration methods or 15,000 
by pumping direct to digester. The saving in overflow liquor from the di- 
gester amounts to 9000 gallons per million gallons treated, amounting to 
a 40 per cent improvement. 

3. Digester.—The digester has a capacity of 37,500 gallons, giving 
an average detention period of only twenty-four days. The plant was de- 
signed on the basis of two cubic feet per capita. In spite of the exception- 











Fic. 2.—Los Angeles Experimental Plant. Gas-Electric Generator and 
Electric Meters. 


ally heavy industrial load fairly good digestion is secured. The sludge 
drains readily and is easily dried on natural sand beds. 

At the start the tank was seeded with digested sludge, lime was added to 
control the pH and the temperature was maintained at 85° F. The tank 
at no time foamed but the sludge became overlimed at the bottom, pro- 
ducing a very strong ammonia smell when released. 

Simultaneously with the pumping of sludge to the digester an equivalent 
volume of digested sludge is automatically released. This is stored in a 
tank until the volume is sufficient to fill a sand drying bed to a 12-in. depth. 
With fresh sludge entering at 94.35 per cent moisture and concentrated 
activated sludge at 96.5 per cent the digested sludge is discharged at 95.97 
percent. Overflow liquor is practically nil. By returning activated sludge 
to the clarifier this volume is still less. In fact the digester is allowed 
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periodically to stand quiescent overnight and clear water is withdrawn 
from mid-outlets in an effort to concentrate the sludge still further. 

The digested sludge dries readily and is removed from the sand beds in 
ten days to two weeks. The nitrogen content is 3.5 per cent and 49.59 
per cent of the solids are volatile. The production of sludge on the dry 
basis amounts to 1500 pounds per million gallons. About 965 pounds per 
million gallons represents weight of material gasified or liquefied. 

The need of mixing excess activated with fresh sludge before pumping 
it to the digester is apparent. In fact, even with disposal of excess acti- 


Fic. 3.—Los Angeles Experimental Plant. Stream-Line Paddles 
in Aeration Tank. 


vated sludge into the raw sewage, there is still need of sludge circulation 
from bottom to top to prevent stratification and to hasten digestion. 

Use of ferric chloride and celite as aids in sand drying of sludge cut the 
drying period from ten days to two days. Mechanical filtration with 
vacuum equipment indicates that digested sludge can be filtered to 72 per 
cent water. The cost of chemicals for either sand drying or mechanical 
filtration is $3.50 per million gallons of sewage treated. For less concen- 
trated sewage the cost would be reduced in proportion to the dry weight of 
solids. 

Gas production averages 2500 cubic feet per day or 26 cubic feet per 
1000 gallons of sewage treated. It is equivalent to 1.25 cubic feet per capita. 
Experiments on utilization of this gas have not been completed. There is 
sufficient gas produced to operate generators to run the entire plant. One 
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kilowatt is produced from 40 cubic feet of gas, which is equivalent to 
36 horsepower per million gallons. The gas has the following analysis: 
Gross B. t. u., 721; net B. t. u., 689; sp. gr. 773; carbon dioxide 12 per 
cent; marsh gas 68.5 per cent; oxygen 2 per cent; and nitrogen and air 
17.5 per cent. 

The cooling water on the gas-electric generator when used is more than 
ample to heat the digester. In fact, cold water has to be mixed with it. 

4. Aeration.—Aeration tanks are 10 ft. deep. Detention periods 
average 5.5 hours for the settled sewage with return sludge and 4 hours for 
sludge, although this has been varied from 1 to 9 hours for the former and 
0 to 12 hours for the latter. Sludge in the aeration tanks, measured volu- 
metrically, has varied from 5 to 98 per cent and in the sludge reaeration 
from 0 to 99 per cent. Total solids in the aeration tanks, as measured by 
monthly averages, have varied from 1000 to 3300 parts per million. The 
ratio of weight over volume of solids, expressed as percentages, varies from 
0.15 to 1.7. 

Curiously the best effluent, namely, one in which the squeegee plates in 
the bottom of the final clarifier are visible, is when the sludge is semi- 
bulked. For good aeration and good nitrification it has been found ad- 
visable to keep the percentage of sludge by volume between 10 and 20 
per cent, the sludge in the reaeration tank at 70 per cent or lower, the total 
solids in the aeration tank between 1000 and 2000 parts per million and 
the sludge ratio (weight/volume) between 0.5 and 1.5. 

Sludge has been bulked from five causes. The first is from peach and 
tomato wastes carrying carbon dioxide. Lime, when added promptly, 
overcomes this difficulty. The second cause is over-reaeration of sludge or 
under-aeration of sewage and sludge, which will cause 100 per cent bulking 
before lime will be of any help. The third cause is high bacterial count in 
sludge, but what the proper limits are for the total count in sludge or aera- 
tion tanks has not been determined. Chlorination of returned sludge when 
this condition prevails helps greatly. The fourth difficulty is due to mineral 
oil or grease, in which case neither addition of lime nor increase of air assists. 
Only washing and dilution with final effluent, 30 per cent by volume, re- 
peated three times, reduces bulk 50 percent. The fifth cause is the periodic 
discharge of caustic wastes from peach, tomato and hominy plants and 
other carbonate wastes, which lime immediately corrects. The difficulty 
is probably not the causticity but the pectins and sugars contained in 
these wastes. 

For three months all bulking at the plant has been controlled by returning 
clear water from the last clarifier to the aeration and reaeration tanks and 
carrying a low percentage of sludge in the reaeration tank. When ob- 
servation indicates that the preliminary clarifier sludge is starting to bulk 
lime is occasionally added to the reaeration tank. A bad case of bulking 
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takes several days to develop and by use of lime and returned clear water 
it is easily controlled before it reaches the fully bulked stage. 

The return of clear water to the aeration tanks, 15 per cent by volume, 
greatly improves the treatment. The only explanation is that of enzyme 
action. Further work along this line is being conducted. Another expedi- 
ent to reduce bulking of sludge is to by-pass a small volume of settled sew- 
age into the returned sludge before reaeration. A crude explanation is 
that the depleted sludge needs new food material to develop organisms 
which will make a better sludge. 

A very useful measure of the rate of purification in the aeration tanks is 
the collection of samples at various points and allowing them to settle 
thirty minutes. The clear water is analyzed for dissolved oxygen, free 
ammonia, nitrites and nitrates. A study of these relationships will be 
made public in the near future. 

The volume of air applied for all purposes varies from 0.17 to 0.5 cubic 
feet per gallon, averaging 0.45 cubic feet per gallon. Paddles of the Im- 
hoff type, revolving at 5r. p. m., require 3.1 horsepower, of which 1.8 horse- 
power is lost by friction in a speed reducer which could drive a unit of 5 
times the capacity. The power requirements for a million gallon plant 
would be 8.3 horsepower for paddles and 7 for air, or a total of about 15 
horsepower. 

The air distribution produced by the motion of the paddles is uniform, 
prolonged and in every respect satisfactory. It is well adapted for low 
horsepower requirements. The sewage in question would probably require 
much more air per gallon were it not for the paddles. 

It is hoped that preliminary treatment at the canneries will produce a 
sewage more nearly normal so that even lower rates of air consumption 
can be tried out. 

The purification produced by the aeration process is given in the table 
on the following page. The activated sludge contains 99.45 per cent water, 
70.11 per cent volatile suspended matter and 3.77 per cent nitrogen. 

5. Final Clarification.—First final clarification is on the basis of 
1.4 hours detention and a settling rate of 900 gallons per square foot per 
day. 

The second final clarifier gives 2'/,-hour detention and a settling rate of 
550 gallons per square foot per day. 

The question is immediately raised—why settle twice? The answer is— 
to give flexibility to the plant, provide a factor of safety in case of necessity, 
to provide detention for chlorination and keep the tank free of sludge, and 
finally to remove solids passed by the first clarifier. 

The following table gives the performance of the activated-sludge proc- 
ess and includes average results for all experiments, good and bad: 
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ACTIVATED SLUDGE PROCESS 
Settled Sewage to Final Effluent 


Average Monthly Results (Aug., 1930—Feb., 1931, incl.) 


oO 


Improvement Based on 

Settled Effluent Change Raw 
Total suspended solids 82.5 10.6 87 97.5 
Volatile 62.6 8.0 87 97.0 
% volatile 76 75 SS = 
5B. ©. dD; 200 4.78 98 99 
Total N + NH; 38.0 8.43 78 86 
Nitrites 3.96 
Nitrates ‘are 7.27 
D:.®: decks 3.35 
Oxygen consumed Sri 9.72 
Turbidity hide 8.9 re ‘ 
Alkalinity 255 200 21.5 27 


The improvement produced in the second clarifier over the first in final 
sedimentation is given in the following table. 


EFFECT OF DOUBLE SEDIMENTATION 
of 


Ist 2nd Yo 
Clarifier Clarifier Improvement 

Total suspended solids 14.8 10.6 28 
Volatile suspended solids 12.7 8.0 37 
% volatile 86 75 ee 
B.-O-D; 5.85 4.78 18 
D. O. 2226 330 33 
Total N + NH; TOT 8.43 6 
Nitrites 4.12 3.96 4 
Nitrates 7.62 7.27 5 
Oxygen consumed 10.4 9.72 6.5 
Turbidity 11.1 8.9 19.9 
Alkalinity 206 200 3.5 


These results certainly justify the installation of double sedimentation. 


Further Treatment 


Operation results of the complete water purification plant filtering a 
portion of the activated sludge effluent together with results of water 
spreading, travel of underground pollution, character of recovered water 
and experiments on the value of digested sludge for fertilizer would make 
too long a discussion for this present article. Some very interesting work 
is being done with ferric chloride as a coagulant and in the regeneration of 
activated carbon with hypochlorites. 

The final water is clear, clean, odorless, tasteless and suitable for drinking 
purposes. The average daily analyses since the plant operated, including 
all experiments in continuous daily runs, are given in the following table. 
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FINAL EFFLUENT 
Filtered 


Average Results (Aug., 1930—Feb., 1931, incl.) 


Total suspended solids 0 

B. O. D. 1.2 
Total N + NH; 5.3 
Nitrite plus nitrate 1152 
dD. 0. a joe | 
Oxygen consumed 5.3 
Alkalinity 173 

Turbidity 0.5 
Chloride 127 

pH 6.9 


The Action of the Activated Sludge Process on Sewage Bacteriophage. 
A. D. Stewart and S. C. GuosaL. Indian J. Med. Research, 1930, 17, 
1215. <A detailed account is given of experiments made to determine 
whether bacteriophage originally present in the sewage increases in 
activity during the activated sludge process, causing rapid diminution of 
bacteria or, if not, what becomes of it. The investigations were carried 
out at an experimental activated sludge plant with an air-lift aeration 
system at Hooghly Jute Mill, a Simplex activated sludge plant in a mill 
area near Calcutta and in the laboratory, using aspiration apparatus for 
aeration. B. coli., B. shiga and B. flexner were used. The experimental 
results indicated that: (1) the germicidal action in the activated sludge 
process is not due to enhanced activity of sewage bacteriophage; (2) the 
activated sludge process has a definite destructive action on sewage 
bacteriophage; (3) no consistent diminution of phage occurs before 6 
hours aeration, thus differing from germicidal action, which is progres- 
sively active from the first hour; (4) reduction of phage is approximately 
90 per cent, after 6 hours aeration, although some resistant strains are 
unaffected, and nearly 100 per cent, after 24 hours aeration. Many 
strains of phage are completely destroyed.—Abs. No. 216, British Sum- 
mary of Current Literature, Water Pollution Research, Vol. IV, 2 (February, 


1931). 














Sewage Works Operation 


Handling and Disposal of Screenings* 
By FRANK L. FLoop** 


The offensive character of sewage screenings makes their prompt re- 
moval and final disposal desirable. Racks and screens when operated 
without regard to the production of odors may create seriously objection- 
able conditions. The provision of adequate means for handling and dis- 
posal of screenings has not until recently received attention commensurate 
with the problems involved. Too often these problems have been passed 
on to the plant operator with the recommendation that the screenings be 
buried, burned or otherwise disposed of in a sanitary manner. A noble- 
sounding phrase but rather an indefinite tool to place in the hands of the 
operator. 

It is true that in the case of the small installation with a small produc- 
tion of screenings, and where there is land available they can be buried 
in trenches, plowed under or merely covered to prevent odors, the problem 
of disposal is not serious except, possibly, as regards fly and rodent breed- 
ing. As the volume increases and land becomes more restricted the 
problems of handling and disposal become more difficult until the point 
is reached where adequate provision should be made in the design of the 
treatment plant for handling the screenings with facility and for their 
satisfactory disposal. 

Character and Quantity of Screenings.—In general, the character 
and quantity of screenings depend largely upon whether the sewers are 
on the separate or combined system, on the character of the people or 
industries served, on the season of the year and on the disintegration of 
the sewage solids in the system prior to screening. For any particular 
plant they depend especially on the size of opening in the rack or screen 
and on the frequency and method of cleaning. Screenings consist of 
paper, feces, garbage and rags with occasionally large quantities of twigs 
and leaves, depending on the season. They weigh 40 to 60 Ib. per cu, ft. 
and contain 80 to 90 per cent moisture. The volatile matter on dry basis 
is 80 to 90 per cent. 

The quantity of screenings removed by bar racks ranges from 0.5 to 
2.0 cu. ft. per mg. of sewage treated although rates as high as 6 cu. ft. per 
million gallons have been removed by fine racks of !/2-in. clear spacing. 

* Presented before the New England Sewage Works Assoc., October 15, 1930. 
** Asst. Eng., Metcalf & Eddy, Boston, Mass. 
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TABLE I 


QUANTITY AND CHARACTER OF SCREENINGS 


Screenings 





Per cent 
Volatile 
Matter in 
Solids— 
Type of Opening, Per Mil. Gal. Lb. per Per cent Dry 
Location Screen Inches Cu. Ft. Lb. Cu. Ft. Moisture Basis 
Fine Screens 
1 Pasadena, Cal. Dorrco : 12. - iz 87.74 84.51 
2 Milwaukee, Wisc. Link-Belt 3/3 ere 308... 91.91 nie 
{ Reinsch Wurl : ay. . 2 83 
Brooklyn, N. Y. Reinsch Wurl ; oe i 80 81 
(26th ward) ) Reinsch Wurl 3/6 5. Tia ves 86.8 93 .£ 
| Reinsch Wurl 32 5, x ¥ vi 68 
4 Los Angeles, Cal. Dorrco ‘16 ye: Kes 6 87 
5 Long Beach, Cal. Dorrco 2 «620 1810 67 87 
6 Long Beach, Cal. 
(1925) Dorrco ‘ : 1850 87 
7 New York, N. Y. Reinsch Wurl = */¢, 27. 1449 : 78 
(Dyckman St., Reinsch Wurl ‘16 : 1040 56.5 82 
1919) 
Rochester, N. Y. 
(1928) Reinsch Wurl ). 394 
New Britain, Conn, 
(1922 Dorrco ; : 1069 
10 New York, N. Y. 
(1926) Rex 3/5 ... 2180 
11 Pleasantville, N. S. 
(1926) Link-Belt 


Racks 
12 Toronto, Ont. Inclined 
13 Plainfield, N. J. 
(1912) Inclined 
14 Worcester, Mass. 
(1928) Inclined 2. 80 
15 Boston, Mass. (1927) 
So. Met. Cage : 4.74 
No. Met. Cage : 1.70 it. Sim 
16 Washington, D. C. 4 0.63 ; 54 
17 Atlanta, Ga. . 62! ea 40 om Ae noe 
(1) Year ended June 30, 1930 ( 2) 10 mos. ending Oct. 31, 1929 
(6) Remodeled plant (10) Canal ft. 
(12) No. Toronto Plant 1st 6 mos. 


The quantity removed by fine screens varies considerably, quantities 
between 5 and 30 cu. ft. per mg. being not unusual. Data on the char- 
acter and quantity of screenings from a number of plants are given in 


Table I. 
Handling Screenings.— Where racks are cleaned by hand, the screen- 
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ings may be taken up with broom and shovel and loaded on wheelbarrows, 
or they may be shoveled into industrial cars for disposal at the sludge 
dump. Where racks are machine cleaned, screenings are either dis- 
charged directly into receptacles or conveyed to them by band or screw 
conveyors. Fine screens are usually provided with containers into which 
the screenings are swept or delivered by bucket conveyors, or they are 
equipped with bands on which the screenings are transported to receptacles. 
The screenings accumulating in the containers are, in some cases, ejected 
by compressed air into carts or cars which carry them to the point of dis- 
posal, or if screenings are treated or disposed of in the plant or its imme- 
diate vicinity, the compressed air may convey them through pipes to 
the point of treatment or disposal. 

Disposal Methods.—The prevailing methods of disposal include (1) 
burying or plowing under, (2) fill, (3) incineration and (4) disposal at sea. 
Screenings are sometimes compressed to remove some of their moisture, 
reduce their bulk and facilitate disposal, particularly in conjunction with 
incineration. 

Burying.—Screenings should not be buried too deeply, as they will 
decompose but slowly if removed from the upper layers of the earth (known 
as the zone of “living earth’) in which bacterial activity is greatest. 
Appleton! reports that: “In excavating for the foundation of a new in- 
cinerator at Long Beach, Cal., screenings buried 27 mos. before were un- 
covered. These had been placed in pits about 4 X 12 ft. in plan and 
8 ft. deep, a few feet above high tide line, and were covered with about 
2 ft. of sand. For the first 2 ft. these screenings were comparatively dry 
and gave off a mild odor. Matches, hair, rags, paper, etc., were plainly 
visible and the print on pieces of newspaper was easily decipherable. 
Underneath was a soggy mass, in appearance similar to pig muck, but 
with a much worse odor.”’ 

However, screenings should be covered sufficiently well to prevent 
odors and fly breeding. At Plainfield, N. J., screenings are spread upon 
neighboring farm lands and plowed under. At Rochester and Syracuse, 
the fine screenings are carried to a dump and, to avoid nuisance, covered 
with the material removed from the grit chambers. 

Dewatering.—Prior to disposal and particularly where the method 
of disposal: is by incineration, screenings are sometimes dewatered to 
reduce their weight and bulk. 

There are two methods of dewatering: (1) by pressing and (2) by 
centrifuging. Screenings from racks have been pressed at a number of 
plants for many years. The presses have usually been of the “cider” 
type, operated by steam or hydraulic pressure. Screenings at Dayton 
are dewatered in a press made by the Hydraulic Press Manufacturing 
Company (Figure 1). The press basket consists of a steel slab curb 28 in. 
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in diameter and 30 in. deep. The hydraulic press has 100 tons pressure 
capacity making the pressure on the screenings 325 Ib. per sq. in. It 
takes about 20 min. to make one pressing. At this rate the capacity of 
the press is about 250 cu. ft. wet screenings for 8 hours operation. A press 
of this size costs, installed, about $2500 and weighs about 4200 pounds. 








33GOA 


Fic. 1.—Press for Dewatering Screenings (Hydraulic Press Mfg. Co.). 


The screenings are reduced about 50 per cent in volume and after pressing 
contain about 65 per cent moisture and 35 per cent solids of which about 
4 per cent is ash. 

At Allentown, Pa., during the first six months of 1930, 11.5 cu. ft. of 
screenings per day were reduced to 6.4 cu. ft. per day by dewatering in 
an hydraulic press similar to that at Dayton. The average reduction 
by pressing was 45 per cent. 
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At Baltimore during a test run, unpressed screenings averaging 7.75 
cu. ft. per mg. of sewage weighing 60.17 lb. per cu. ft. and containing 
86.45 per cent moisture were reduced by presses to 4.04 cu. ft. per mg., 
weighing 50.03 Ib. per cu. ft. and containing 72.19 per cent moisture. 

The screenings at the Ward Street pumping station in Boston are de- 
watered to 65-75 per cent moisture. 

Kenneth Allen’ stated: 

“Normal screenings, whether from racks or fine screens, may be de- 
watered in a press of proper design to such an extent as to be disposed 
of by burning under boilers, in a garbage incinerator or in an incinerator 
especially designed for the purpose, with little additional fuel.’’ 

It is probable that screenings may be dewatered by centrifuge although 
this method has been used to a limited extent only. At Reading, Pa., 
screenings from a fine-mesh ‘‘Weand”’ screen were placed in canvas bags 
and dewatered by a centrifugal ‘‘hydro-extractor” about 6 ft. in diameter 
by 3.5 ft. high, which reduced a charge of 500 Ib. from 85-90 per cent to 
61-73 per cent moisture in 8 minutes. Its weight was reduced from 65-70 
Ib. to 30-35 Ib. per cu. ft. by the process. The dewatered screenings were 
burned under the boilers at the plant. The screen was abandoned in 
1912. 

Experiments were conducted by George G. Gascoigne at Cleveland, in 
which about 1!/, tons of fine screenings, 85% moisture, after a brief period 
of draining were placed in a ‘“Laundryette’”’ centrifuge. The moisture 
was reduced to 65% and the screenings burned in a small ‘‘Kewanee” 
incinerator by adding about 25 per cent of coal by weight. 

Experiments are now being carried on at Milwaukee with a 48-in. 
special wringer type of centrifuge as made by the Tolhurst Machine 
Works. Preliminary results indicate that the. machine has a capacity 
for about 500 lb. of bar rakings or 800 Ib. of fine screenings per charge, 
with three charges per hour at rapid operating conditions. The per cent 
moisture of the material is reduced from about 90 to from 65 to 70. The 
cost of the machine installed was about $3750. 

Incineration.— Where steam boilers are operated at the plant, screen- 
ings are often burned under the boilers after draining or pressing. This 
is done at some of the Boston cage screening plants. Where high-tem- 
perature refuse incinerators are controlled by the municipality, it may 
be practicable to convey the drained or compressed screenings to the 
incineration plant for disposal. 

At Long Beach, Cal., the screenings are burned in an incinerator con- 
structed at the fine-screen plant.* During the fiscal year ended June 30, 
1926, a total of 80,220 cu. ft. of screenings weighing 2507 tons was burned. 
The ash removed weighed 29 tons and was used for filling in around the 
plant site. The moisture content of the wet screenings was from 85 to 
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88 per cent. It required 105.8 cu. ft. of natural gas at 1150 B.t. u. per 
cu. ft. to incinerate 1 cu. ft. of wet screenings. The cost of incineration 
per ton of wet screenings was $1.29, of which $0.69 was for fuel, allowing 
20 cents per 1000 cu. ft. for gas secured without charge from the municipal 
gas plant. 

At Dayton, Ohio, pressed screenings containing about 65 per cent mois- 
ture and 35 per cent solids are burned in an incinerator and reduced about 
95 per cent in weight. The incinerator is fired by gas collected from the 
Imhoff tanks and stored in pressure tanks underground. The gas re- 
quired to burn the screenings during September, 1930, was about 4.0 
cu. ft. per lb. of pressed screenings incinerated. 

A pressing and incineration plant for screenings, similar to that at 
Dayton, is provided at Allentown, Pennsylvania. The cost of the in- 
cinerator at Allentown was about $3000 and of the stack, exclusive of 
foundation, $1700. This plant has not as yet been operated continuously. 

During a test run on the incineration of screenings at Baltimore, Md.,‘ 
an average of 11.07 lb. of bituminous coal was required to burn 1 cu. ft. 
of pressed screenings containing 72.19 per cent moisture and weighing 
50 pounds. 

About 0.2 lb. of coal was required at Washington, D.C., to incinerate 
1 lb. of pressed screenings containing 85 per cent moisture. 

Pressed screenings containing 69 per cent moisture and weighing 52 
Ib. per cu. ft. are burned in small oil burning “‘incinerites’” at three plants 
in the vicinity of Flushing Bay, Borough of Queens, N. Y. Screenings 
weighing 145 lb. were consumed in 3 hours with a loss of 93 per cent in 
weight. About 0.018 gal. of oil was burned per lb. of pressed screenings 
incinerated. 

During experiments by Gascoigne at Cleveland, dewatered screenings 
containing 65 per cent moisture were burned with the addition of about 
25 per cent by weight of coal. 

To prevent odors from the stack, it is desirable to maintain temperature 
in the incinerator above a minimum of 1250° F. Average temperatures 
of 1600° F. are provided at Dayton. Of 8760 temperature readings 
taken inside the combustion chamber at the Long Beach incinerator, the 
highest was 1690° F. and the lowest 1561° F. Satisfactory results have 
been obtained with these temperatures. 

A comparison of the fuel requirements for the incineration of screenings 
may be obtained from the data in Table II. Apparently from 2000 to 
3500 B. t. u. are required to incinerate 1 lb. of screenings. 

Digestion of Screenings.—Large-scale experiments in digestion of 
fine screenings alone were made at the Milwaukee sewage treatment 
plant.6 The screenings added contained an average of 91.5 per cent 
moisture and about 90 per cent volatile solids. The digested material 
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drawn contained 93.75 per cent moisture and 53 per cent volatile solids. 
The temperature in the tank averaged 84° F. Gas production averaged 
5.7 cu. ft. per Ib. dry solids treated. The heating value was about 400 
B.t. u. per cu. ft. of gas produced. With a tank capacity of 6750 cu. ft. 
an average of 3400 lb. or about 55 cu. ft. per day of wet screenings was 


TABLE II 


COMPARISON OF FUEL REQUIREMENTS FOR THE INCINERATION OF SCREENINGS 


Estimated 


B.t. u. 

Required 

Per cent Fuel Required Assumed per Lb. 

Moisture in to Burn 1 Lb. B. t. u. per of Screenings 

Location Screenings of Screenings Unit of Fuel Burned 
Long Beach, Cal. 85.88 Liv ‘cus it. gas 1,150 1940 
Dayton, O. 65 4.0 cu. ft. gas 700 2800 
Baltimore, Md. 72.19 0.22 Ib. coal 14,000 3080 
Washington, D. C. 85 0.20 Ib. coal 14,000 2800 
Cleveland, O. 65 0.25 Ib. coal 14,000 3500 
New York, N. Y. 69 0.13 Ib. oil 19,000 2470 


treated. This is equivalent to providing 123 cu. ft. of tank capacity for 
each cu. ft. per day of wet screenings requiring disposal. The digested 
material was intensely black and drained readily on underdrained sand 
beds. Difficulties in operation, consisting mainly of the formation of a 
thick, heavy blanket of floating material, were said to be overcome by the 
installation of a scum saturator. The practical results at Milwaukee 
were on the whole disappointing and plans for a pressing and incineration 
plant are under preparation. 

Experiments on the digestion of mixtures of screenings and activated 
sludge indicated that, while properly seeded activated sludge digested 
alone at 70° F. in 30 days, 10 and 20 per cent replacement by screenings 
increased the digestion period to 35 to 40 days, respectively. 

Screenings may also be digested with ordinary sewage sludge. At 
Baltimore, Md.,‘ where fine racks are employed to protect pumping equip- 
ment, a series of tests was conducted during the period from June to Oc- 
tober, 1926, on the grinding of sewage screenings in a ‘“‘macerator.”’ After 
being ground, the material was returned to the sewage. A 24-in. by 18-in. 
macerator, costing about $600, was capable of shredding from 1.5 to 2 
tons of screenings per hour with a current consumption of about 1/, kw.- 
hr. per cu. ft. of ground material. The tests indicated that the macerator 
would grind screenings satisfactorily and, according to Keefer, that under 
certain conditions the cost of this method, including digestion and drying 
on sludge beds, would compare favorably with the cost of pressing and 
incinerating them. Keefer® further reported as follows: 

“The experimental work on the pulverizing of sewage screenings was 
concluded in October, 1926. Immediately thereafter the machine was 
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permanently installed at the Eastern Avenue Sewage Pumping Station, 
Baltimore, Md., and since then has been used to grind all the screenings 
collected at this station. The quantity of material pulverized varies 
from 200 to 300 cu. ft. per day. 

“The machine now (April, 1930) has been in successful service for 
approximately 31/2 years. It has been necessary to install one set of 
hammers in the grinder since the machine was purchased; other than 
this, practically no repairs have been required. The grinder pulverizes 
practically everything that is present in sewage. However, in pulverizing 
rags it is necessary to introduce the material into the machine at a slow rate. 

“The grinder has proved its worth to the extent that plans are being 
prepared to install two machines for grinding screenings caught on coarse 
bars at the Baltimore Sewage Works.” 

At sewage treatment works, where it is desired to remove as much 
coarse material as possible, partly to lighten the load on subsequent 
treatment units, the adding of macerated screenings to the sewage would 
defeat the purpose for which the screens were intended. The possibility 
of increasing the scum on sedimentation and digestion tanks requires 
consideration. 

Disposal at Sea.—At New York City, the screenings from the existing 
fine screening plants are carried on a barge to sea and dumped with the 
garbage. This method carries with it the danger of material being washed 
upon the shore under certain conditions of wind and tide unless the dump- 
ing grounds are well out to sea or otherwise properly located. 


Conclusions 


Experiments and plant scale operation have demonstrated that sewage 
screenings may be successfully treated and disposed of without nuisance. 
Although burying of the untreated screenings may be satisfactory for 
small plants with a reasonable degree of isolation and adequate available 
areas, some form of treatment prior to disposal may be required for larger 
plants or for small plants not advantageously located for raw screenings 
disposal. Incineration is the most complete treatment. The screenings 
are reduced to an inoffensive ash which is about 1.0 to 2.0 per cent of 
the original volume of screenings. Pressing the screenings prior to in- 
cineration, in order to reduce the moisture content from about 90 to 
about 65 per cent, is advantageous. Disposal by digestion, either alone 
or in conjunction with other sewage solids, appears to be still in the experi- 
mental stage. The method of treatment and disposal best suited to any 
particular plant will depend on local conditions and requirements. 


References 
1 Robert Appleton, ‘‘Experience in Destroying Sewage Screenings by Burning,” 
Eng. News-Record, 99, 500 (Sept. 29, 1927). 





| ns A | 


' 








VoL. 3, No. 2 HANDLING AND DISPOSAL OF SCREENINGS 231 





2 Kenneth Allen, “Dewatering Sewage Plant Screenings,’ Canadian Eng., 57, 
750 (Nov. 26, 1929). 

3 Robert Appleton, “Sewage Screening Plant Operating Costs, Long Beach, 
California,” Eng. News-Record, 98, 911 (June 2, 1927). 

4C. E. Keefer, “Pulverizing of Sewage Screenings at Baltimore, Maryland,’’ 
Proc. A. S. C. E., 55, 1759 (Sept., 1929). 

5 W. Rudolfs and H. M. Heisig, ‘‘Gas Production from Screenings at Milwaukee, 
Wisconsin,’’ THIS JOURNAL, 1, 519 (Oct., 1929). 

6C. E. Keefer, ‘“Pulverizing of Sewage Screenings at Baltimore, Maryland,” 
“Discussion,” Proc. A. S. C. E., 56, 1021 (May, 1930). 


Sewage Screening in California. Zhe Third Annual Journal of the 
California Sewage Works Association, recently issued, contains several 
articles describing the disposal of screenings at Salinas, Long Beach, 
Ventura and Pasadena. 

The Salinas plant includes a separate screening plant and settling tanks 
for cannery wastes. The Dorrco screen is covered with 20-mesh monel 
metal fabric. Wastes are discharged from the canning of peaches, 
tomatoes and pears. Screenings and sludge are hauled to the city gar- 
bage dump. 

The Dorr screens at Long Beach have slots !/,5 inch wide by 2 inches 
long. Screenings are blown from the pneumatic ejector to a covered 
measuring hopper above incinerators, which take a charge of approxi- 
mately 3000 pounds every 4 hours. At present about 9 tons of screen- 
ings are being handled per day in 6 charges. The average flow is 10 
m.g.d. Gas is used for fuel, at the rate of 1.5 cubic feet (1200 B. t. u.) 
per pound of screenings, containing 90 to 92 per cent moisture. 

Screenings at Ventura are spread on sand to a depth of 6 inches. They 
dry in 3 days sufficiently to be hauled away. 

Sewage at Pasadena is screened through !/j, by 2-inch slots. Screen- 
ings amount to only 95 cubic feet per day from 7 to 8 m. g. d. of sewage. 
At present these screenings are buried in ditches. It is proposed to sub- 
stitute pre-settling for screening if it is found to be feasible to incorporate 
the settled sludge with the activated sludge. 

The report containing these papers may be obtained from the Secre- 
tary, E. A. Reinke, 3093 Life Sciences Building, Berkeley. Abstracts‘or 
reprints will appear in the next issue of THIS JOURNAL. 
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Imhoff Tank Sludge as Farm Fertilizer 
Canton, Ohio, Sewage Works* 


By Cuas. C. Hommon** 


The disposal of sewage sludge in a satisfactory and economical manner 
is well recognized by the sanitary engineering profession as being one of 
the most difficult problems in the treatment of municipal sewage. The 
manner in which this phase of sewage treatment has been handled at 
Canton, Ohio, for the past few years is a radical departure from commonly 
accepted American practice and should be of interest to the sanitary 
engineering profession because of its simplicity and practicability. 

The Canton Sewage Works is of the Imhoff-tank, trickling-filter type 
and was designed for a population of 135,000 persons. It is estimated 
that approximately 100,000 persons are now contributory to the plant. 
It is located about eight miles south of the city on what is locally known 
as the municipal farm, which is operated as a part of the sewage works 
under the management of the plant superintendent. The farm comprises 
nearly 600 acres of quite rolling land, 200 acres of which are either wooded 
or too rough to permit of economical cultivation. Located on this acreage 
at advantageous points are three residences and barns, around which all 
agricultural activities of the enterprise are centered. Three city em- 
ployees live in the three residences and work mainly on the farm and care 
for the city-owned live stock and farming implements. All farm products 
are sold at the best market price, the money being turned into the general 
fund of the City of Canton. The common crops raised are wheat, corn, 
oats, hay and potatoes. 

As previously stated, the farm is operated as a part of the sewage treat- 
ment program for the express purpose of providing a means of disposing 
of the sewage sludge. 

The sewage plant is located near the middle and at the extreme western 
side of the farm, along the bank of Nimishillen Creek, a small stream 
into which the plant effluent is discharged. The sludge pumping equip- 
ment, for transferring the wet sludge as drawn from the sludge wells of 
the Imhoff settling tanks to the farm land, consists of two triplex 10 in. 
by 10-in. plunger pumps, powered by 40-hp., 220-volt motors, and approxi- 
mately 5500 feet of 6-in. force line. Each pump has a capacity of 300 
gal. per min. when operating at 30 revolutions per minute. The force 
line lies about midway between the north and south boundary line of the 
city’s property and terminates on the top of a knoll which is approximately 
300 feet above the surrounding territory. From this high point the sludge 

* Delivered before North Carolina Sewage Works Association, Hendersonville, North 


Carolina, October 14, 1930. 
** Sanitary Engineer, Department of Public Service, Canton, Ohio. 
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flows in open ditches following the contours, to acreage as far as two miles. 
The ditches are formed usually by means of an ordinary farm breaking 
plow. The force line is also provided with suitable connections, 6- by 
6- by 3-in. tees, at points where it is desired to distribute sludge from time 
to time. 

At the time of pumping sludge on to the ground, three men are required 
for proper distribution. The spreading of the sludge is accomplished 
in the simplest manner, by keeping the open ditches at the highest eleva- 
tions possible and allowing the ditch to overflow at proper intervals to 
cover the desired area. If all of the sludge is flowing in one ditch, there 
are usually three points of overflow, each man caring for approximately 
one-third of the flow. Due to the sloping topography of most of the area, 





Fic. 1.—Main Sludge Channel and a Lateral, Canton Municipal Farm. 


it is possible for the laborers to follow down the slopes in front of the 
sludge and, so to speak, to fan it out by miniature ditches and dikes and 
in this way cover relatively large areas from one point of discharge. Many 
observations have been made to determine the best condition of spreading 
the wet sludge. It appears that there are but few choices, the most 
difficult condition being excessive slopes on hard, dry ground, devoid of 
any vegetation. Under these conditions it is difficult to retain the sludge 
within limited areas. Any appreciable amount of vegetation, however, 
retards the flowing sludge to a remarkable degree and renders it possible 
to cover satisfactorily relatively steep slopes. Likewise, snow during the 
winter months assists materially in spreading the sludge by retarding the 
flow. On ground that is relatively poor, or areas which it is desired to 
sludge heavily, it is best to plow before treatment. The plowing not 
only loosens the ground, which permits of ready absorption of the con- 
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tained water, but the small pockets formed on the surface by the plowing 
afford ideal catchment areas for the sludge. In the way of an experiment, 
a part of the 1930 fall wheat crop was planted and then covered with sludge. 
The results appear to be very satisfactory. The wheat in the sludge 
areas is much in advance of that in the unsludged areas. The same 
general scheme was tried with the 1930 corn crop. The dry weather was 
seriously interfering with the growth of corn; wet sludge was applied to 
the ground about the time when the ears were being formed. When 
harvesting the crop, it was quite noticeable that the area on which the 
wet sludge was placed yielded not only a larger quantity, but a better 
grade of corn. On numerous occasions the value of the sludge as a fer- 








Fic. 2.—A Plowed Field Being Covered with Sewage Sludge from the 
Canton Sewage Works. 


tilizer for grass has been well demonstrated, not only in a small way on 
lawns but also on meadows, the hay from which was used as stock feed. 
To use sludge properly one should know something about the food re- 
quirements of the respective crops, the character of the soil and also 
something of the character of the sludge. For instance, it is well recog- 
nized that clover requires an alkaline soil, whereas most sewage sludges 
are inclined to be slightly acid. It therefore follows that sludge is not a 
complete fertilizer for such a crop and requires the addition of sufficient 
lime to develop the proper reaction. Likewise, in the fertilization of 
oats with sewage sludge, one must apply the sludge sparingly, otherwise 
the growth becomes excessive and the crop is most likely to fall down 
before or soon after heading and thus complicate harvesting of the grain. 
The length of time such a scheme, as above described, could be employed 
for disposing of sewage sludge from approximately 100,000 persons on 
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the limited area available was somewhat of a speculation in the early 
history of the plant, but experience has shown that for best results the 
acreage should be re-fertilized about every four or five years. This repe- 
tition, and the desire of abutting property owners for sludge for enriching 
their acreage, created by observing the results obtained on the municipal 
farm, has provided what now appears to be unlimited areas. In one 
instance a farmer owning property adjacent to the city’s farm purchased 
a small centrifugal pump, which he operated with a Ford tractor, and 
sufficient pipe to transfer the sludge across a valley to his acreage. He is 
well pleased with his investment, the only disappointment being that the 
city cannot supply him with sufficient sludge. As further indication as 
to how the agriculturists in the immediate vicinity of the plant feel re- 
garding the use of sewage sludge in a wet form as a fertilizer, it may be 
stated that a number of farmers owning property some distance from the 
plant are now considering pooling their interests with a view toward se- 
curing sufficient capital to purchase the necessary equipment for delivery 
of sludge to their acreage. 

The scheme of sludge disposal as employed at Canton greatly facilitates 
the operation of the sewage treatment works. It is believed that most 
all sewage plant superintendents have experienced uncomfortable intervals, 
by not being able to move sludge from the settling tanks when desired. 
It is well known that sludge digestion does go wrong at times, causing 
serious difficulties in the proper operation of the sedimentation devices. 
The one sure remedy for relief is removal of sludge from the tanks. Such 
sludge is always difficult to handle on drying beds because of the high 
organic content and inability to dry it in a reasonable time. Such emer- 
gencies are easily met when the sludge is being disposed of as at Canton. 
If the sludge is poorly digested and likely to give trouble from obnoxious 
odors, it is always possible to flow it over areas sufficiently far removed 
from habitation so as not to give rise to complaints. In this connection, 
it should be mentioned that in many instances sludge has been distributed 
over quite large areas that were close to residential properties and public 
highways, and that no complaints from odors have come to the writer’s 
attention. One probable explanation of the absence from odors is 
that the soil readily absorbs the contained water, thus quickly leaving 
the sludge in a dry condition. On a number of occasions land has been 
rather heavily sludged one day and cultivated the following day. Another 
feature of the scheme that appeals to the writer is that sludges of low 
water content—a condition sometimes difficult to accomplish but desirable 
where the sludge is to be handled on drying beds—are of but little or no 
advantage where the sludge has to be pumped. As a matter of fact, 
a sludge that contains more than 6 per cent solids is difficult to handle 
through a force line because of the excessive friction loss. This phase of 
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the problem at Canton requires some watching because of the long force 
line and the excessive elevation to which the sludge is raised. There 
have been times when it was necessary to thin some of the heavier sludges 
either with water or with a more liquid sludge. 

The division of costs of operation of the Canton Sewage Works does 
not permit of detailed accurate analysis to illustrate the merits of the 
scheme from an economical view-point. Rough estimates indicate, 
however, that the cost of placing the wet sludge on the farming acreage 
is no greater, and perhaps less, than the cost of removing the sludge from 
drying beds. Other items of expenditure, such as costs of constructing 
sludge drying beds and necessary appurtenances, maintenance, depre- 
ciation and interest on investment, are believed to be much in favor of 
the scheme as employed at Canton. Sufficient net revenue is derived 
from the sale of farm products to more than pay the interest on the pur- 
chase price of the land. Another item that is significant, and one that is 
hard to estimate, is the increased value of the property due to the general 
building up of the soil. 

No doubt sewage sludges vary greatly in their fertilizing value and will 
react differently when applied to various soils and crops, but the writer’s 
experience, not only in Canton but elsewhere, has strongly indicated 
a general strengthening of the soil. 

It is not the desire of the writer to place another burden on the shoulders 
of the sewage plant operator by suggesting that he become a farmer, 
as it is believed that he now has ample duties; but it would be unfair to 
say that the operation of the municipal farm has been anything other than 
a pleasure. Perhaps one thing that makes it a pleasure is the fact that an 
otherwise useless product is being turned back to nature and again placed 
in useful channels. 
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The Separation, Digestion and Disposal of 
Sewage Solids* 


By JoHn R. Downes** 


The question of digestion of sewage sludge cannot be considered without 
giving due consideration to the inter-related subjects of collection of the 
solids and the final disposal of the sludge. 

For instance, it frequently happens that in a battery of Imhoff tanks 
operated in parallel there will be a great deal of difference in the quality 
of the sludge obtained from the various tanks, as well as in the difficulties 
of keeping the tanks in good condition, although they all apparently re- 
ceive the same raw sewage from a common source. 

As a matter of fact, they are not all receiving the same sewage, but each 
is receiving a fractional, but not necessarily equivalent, part from a com- 
mon source. If this source be an open channel with side outlets to the 
tanks, even though the volume of liquid may be most carefully apportioned 
among the tanks, the weight and character of the solid material reaching 
the various tanks will vary widely. The reason for this is that even at 
the scouring velocities which we seek to maintain in such channels there 
is a distinct separation of solids, the heavier solids being dragged along the 
bottom while the greasy material floats on the surface. Since the pres- 
sure is greater at the bottom of the channel than at the top, it is the bottom 
material containing the heaviest solids, which is forced out via the first 
available opening. 

The resulting sludge in the first tank will tend to be dense and granular 
while that of the last tank will be thinner and pasty and slow drying. 

With this difference in sludges produced in the same plant from the 
same sewage it is apparent that sludges from different plants and from 
different sewages must be compared with the greatest caution. That a 
given type of digestion tank will produce a dense sludge at one place is 
no criterion that the same type of tank will produce equivalent sludge at 
another place or that a type of tank that produces thin sludge at one place 
will fail to produce dense sludge at another. 

Obviously, sludge from separate sewage systems, cannot be compared 
with sludge from combined systems, nor sludges from tanks preceded by 
grit chambers or screens with sludges from tanks with no preliminary 
treatment apparatus. 

A pertinent observation which, if given due consideration, may save 
much operating expense as well as much installation expense, is that the 
sludge from settling tanks preceded by grit chambers will be much more 

* Delivered before North Carolina Sewage Works Association, Hendersonville, N. C., 


October 14, 1930. 
** Supervising Engineer, Sewage Treatment Works, Plainfield, N. J. 
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mobile, requiring less effort to move it and permitting of much shallower 
hopper construction. It is true that the sludge from the tank preceded 
by a grit chamber will be less dense, but if density is gained merely by add- 
ing grit to the sludge, of what value is that density? 

A great deal of importance has been attached to the production of dense 
sludge. Barring the case of sludge which is dense simply because it con- 
tains grit, dense sludge has the advantage of lesser volume to be transferred 
to the drying beds or mechanism and in the case of the drying beds, it has 
been held that less sludge bed area will be required, but little attention 
has been given to the relative cost of holding sludge in digestion tanks until 
it is dense, and of treating a less dense sludge on a larger bed area. 

With reference to a given sludge, time alone is the factor which produces 
denseness. With modern, high-speed controlled digestion we can get a 
well digested sludge inside of 40 days but it will not be as dense as sludge 
which has laid for some 120 days in a large digestion tank. 

This statement may have to be amended as thermophilic digestion is 
developed further. Present indications are that the high temperature 
digestion may produce a dense sludge in a comparatively short time. 

Solids from an inefficient settling tank will give a more dense and a 
more easily drained sludge than solids from an efficient settling tank, not 
only because there will be a smaller volume of sludge to digest, but also 
because the solids which escape an inefficient settling tank are those which 
would tend to produce a pasty sludge, difficult to handle, and in the case 
of Imhoff tanks, would tend to produce foaming. 

In the case of sludge digested in Imhoff tanks, success or failure of diges- 
tion may depend to as great an extent on the design of the settling com- 
partment as on the design of the digestion compartment. This is because 
a design of settling compartment which will permit the piling up of green 
solids at one point, instead of distributing them more or less evenly over 
the entire surface of the old sludge, is not conducive to proper seeding and 
will permit of the development of acid fermentation inside the large masses 
of settled solids, where seeding is not effective because the solids pile up 
faster than the seeding organisms can penetrate the mass. 

It was stated above that it has been held that less sludge drying bed 
area will be required to dry a given weight of dry solids in the form of dense 
sludge than would be the case for the same weight of dry solids in the form 
of a thin sludge. 

An eight per cent sludge, for instance, will contain twice as much actual 
solid matter per 100 cubic feet as will a four per cent sludge, and it has been 
assumed that only one-half the bed area would be required for the eight 
per cent sludge, in order to provide for the drying of all the solids from any 
given plant. This assumption is a fallacy, as may be readily shown by a 
little thought and observation. 
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By mixing sludge of 7.8 per cent solids, obtained from the bottom of a 
controlled separate-digestion tank, with sludge of 2.0 per cent solid content, 
obtained at a higher elevation in the same tank, the writer produced sludges 
of varying densities and allowed them to stand for observation in tall glass 
cylinders. Both sludges were equally well digested, each containing 47 
per cent ash, a pH of 
7.6 and had all other 9 
indications of well 
digested material. 

From the 2 per cent 
sludge clear liquid 
separated very rapidly - | 
at the bottom, separa- NY l 
tion beginning im- util 
mediately and being 6 
complete; that is, hav- N NY 
ing reached the ulti- NU 
mate separation, in- 5 tt I 
side of six hours. n 
From the heaviest 
sludge appreciable NY | 
separation began only Liquid NY 
after a period of 48 3 
hours. The ultimate 
quantity of liquid 
separated from the 
sludges of various 
densities was in- 
versely proportional 
to the densities. 

The drying of sludge 
on sand beds may be é 


awe — — Fic. 1.—Depth of Liquid Separating from Sludge of 
stages, drainage and Various Densities, in 9-Inch Column. 
evaporation. Drain- 

age is practically limited to the first 24 hours, since, by the end of that 
period, solid material from the under side of the floating sludge begins to 
fall down and seal off the sand. 

The second portion of the drying process, evaporation, has been ob- 
served to proceed at the rate of approximately one-half inch of depth per 
day in a 4!/,-inch depth under the most favorable conditions, after the 
initial separation of water has taken place. A 5-inch thickness of sludge 
would become spadable in 11 days, and a 4-inch thickness in 6 days. Below 
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4 inches the time would be shortened much more rapidly. From 4 to 6 
inches is the practical working range. 

Figure | indicates the ultimate separation of liquid in depth corresponding 
to a 9-inch depth of sludge applied to the bed. The chart was prepared 
from observation of the depth of the liquid separating from sludge in tall 
glass cylinders 4 inches in diameter. 

The heaviest sludge in the series, with solids of 7.8 per cent, yielded 
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Fic. 2.—Days Required to Dry Sludge by Evaporation. 


only 3 inches of water after 48 hours, leaving at least 6 inches of sludge to 
be dried by the slow process of evaporation. I say ‘‘at least 6 inches’’ 
because it took 48 hours to separate this 3 inches of water and it is probable 
that after the first 24 hours the sand surface would be so sealed off as to 
retard or prevent the drainage of all the liquid. 

The thinnest sludge tested, containing 2 per cent solids, yielded the 
ultimate depth of liquid within 6 hours and before sludge solids began 
to settle, so that all of the water would have drained off very rapidly. 

The intermediate dilution, containing 3.9 per cent solids, yielded 5.5 
inches of liquid, leaving 3,5 inches of sludge to be dried by evaporation. 





eee ae 








VoL. 3, No. 2 SEWAGE SOLIDS 241 





Referring to Figure 2, which shows the number of days required to dry 
different depths of sludge after the first liquid has been drained off, we 
note that there is a peculiar break in the curve between a depth of 4 and 
4'/, inches, in which there is notable slowing down; between 5!/2 and 6!/2 
inches the loss in time of drying is not so great; above 6!/: inches the time 
lengthens rapidly. Now using the data in both charts we find the follow- 
ing: 


% Solids in Loss by Depth to Dry Time Required for 
Sludge Draining by Evaporation Drying, Days 
4 5.5 3.5 1+ 5 6 

5 4.8 4.2 1+ 7.5 8.5 
6 4.2 4.8 1+ 11 12 
if 3.5 5.5 1+ 13 14 
8 2.9 6.1 1+ 17 18 


This comparison indicates that 6 per cent sludge takes twice as long to 
dry as does 4 per cent sludge and, therefore, at this point the advantage 
of the denser sludge vanishes, while 8% sludge will take 3 times as long 
to dry as will the 4 per cent, though it contains but twice the weight of 
fresh solids. There still remains with the denser sludge the advantage of 
thicker cake to be removed from the bed, making for less effort in gathering 
a load for the cart or truck, and one preparation of the bed instead of two, 
to remove the same weight of dry solids. On the other hand, should a 
dose of the dense sludge be rained on during the first 24 to 48 hours, the 
drying time would be lengthened indefinitely and tie up the area for a 
time out of all proportion to the thickness of the dose. Also remember that 
there is no assurance that all of the liquid would drain off from the heavy 
sludge on account of the long time, 48 hours, required for the ultimate 
initial separation. 

Just to illustrate how important a proper depth of sludge is, let us 
compare depths of 8, 9 and 10 inches. 


Days REQUIRED TO Dry DIFFERENT DEPTHS OF SLUDGE OF VARYING SOLID CONTENTS 


% Solids 8 in. Depth 9 in. Depth 10 in. Depth 
4 51/, 6 6 
5 61/. 81/5 10 
6 9 12 13 
6 12 14 16 
8 14 18 23 


These figures will not hold for all sludges or for all sand beds, but the 
relations will be in about the same proportions. 

Unfortunately, the writer has not had available for experiment any 
concentrated sludges, but he believes that the relative separation of liquid 
would hold good up to a 12 per cent solid sludge, at which point the sepa- 
ration becomes zero. This checks with the experience of many operators 
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that 12 per cent solids is the dividing line between sloppy and stiff sludges or 
scums. 

According to these observations it would seem that we could not afford 
to construct large digestion or storage tanks merely for the purpose of 
getting a dense sludge. This is particularly true since the time and, there- 
fore, the size of the storage tank required to secure the denser sludges are 
fully 3 times as great as that required to secure well-digested sludge. 

We might recapitulate the accepted essentials of successful sludge di- 
gestion as follows: 

1. Get the settled solids to the digesters as quickly and in as fresh a 
condition as possible. 

2. Feed the digesters with fresh solids systematically and uniformly. 

3. Keep the heat uniform or rising evenly up to 82° F. 

4. If there is any delay in getting the solids to the digesters, correct 
the acidity with lime. 

5. If it is necessary to add an unusually large dose of green solids, add 
lime with the solids. 

6. Keep the digesters well filled with old ripe sludge, drawing only 
enough to make room for the incoming dose. 

7. If you have more than one digester unit, use all of them all of the 
time, giving each its share of the daily dose of green solids. 
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Preservation of Metal Surfaces above and below 
Sewage Surfaces* 


By R. S. RANKIN** 


The preservation of metals around a sewage plant has for its main 
object the protection of metal structures against corrosive agents, including 
the atmosphere, sewage, trade wastes and the like. These metals may gen- 
erally be classed as those above the level of the sewage and those below, 
or immersed in the sewage. As a rule, cast iron, by its very structural 
nature, is not subject to serious corrosion, so that our discussion will be 
confined solely to steel structures, with the conclusion that preservative 
methods applicable to steel will be equally or more suitable for cast iron. 

We all know that atmospheric oxygen is the universal corrosive agent. 
Whether it is free, as in the air, or dissolved in the water or sewage, oxygen 
must be kept from the metal, if true preservation is desired. Other agents 
of corrosion most commonly encountered in sewage treatment plants are 
hydrogen sulphide and its attendant compounds, chlorine and acid trade 
wastes. Hydrogen sulphide is not usually present in many plants in 
quantities sufficient to cause trouble, but where it has occurred, special 
studies and precautions have been taken. Chlorine corrosion is usually 
not serious where care and attention are given to chlorinating equipment 
and methods of applying the gas to the sewage. Acid trade wastes are 
seldom present in sewage in quantities sufficient to produce a resulting 
acid solution, and where they do occur, the waste should be neutralized 
before reaching the sewage plant. 

Abrasion of metals may also be classed as an agent of destruction, as it 
truly is, but preservation of metals against this source of trouble is mainly 
one of mechanical and plant design, and, therefore, will not be included. 

Paints are most generally used to preserve metals against corrosion 
and these may be roughly divided according to their base into five classes, 
so far as common practice is concerned. These are: graphite, coal tar, 
asphalt, red lead and metal emulsion paints. All of these have been used 
with varying degrees of success. There are about as many different opin- 
ions as to what constitutes the best paint as there are paint manufacturers. 
Not only is the paint base, but also the pigment vehicle, a subject of much 
debate. 

Black paints formerly seemed to be the universal color for most finished 
work, but recently other colors, which have been used successfully, have 
created a demand, as it were, for more cheerful colors. This is due largely 
to the development of the metal emulsion paints, of which aluminum is the 

* Round Table Discussion, New York State Sewage Works Association, September 


13, 1930. 
** Sanitary Engineer, The Dorr Company. 
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most widely used base. The desire for pleasing colors has been partly 
instrumental in developing two classes of paints for finished work, one for 
visible, or above-the-sewage-level structures, and the other for structures 
out of sight, or below the level of the sewage. 

What constitutes the perfect paint for these conditions? Any answer 
must, of course, be qualified, because so many factors enter into it, and we 
might start an endless debate; but, in order to get something concrete be- 
fore you, our experience would lead us to use the following: For the shop 
coat, red lead in linseed oil with drier; first field coat, same as shop coat; 
second and third field coats (a) above water, aluminum emulsion paints, 
and (b) below water, any good asphalt base paint. This makes four 
coats in all, and where this has been used, no evidence of deterioration 
has been noticed. Tests of long duration have not been made with this 
combination, but we do know that anything less is not always an 
adequate protection for all conditions. Each coat requires care in 
selection of materials, mixing and in application; but with four coats of 
carefully applied paint, any imperfections in one coat are taken care of by 
the others. 

Red lead as a base shop coat seems to have no equal, and if the red lead 
itself can be protected by subsequent coats, even hydrogen sulphide will 
not attack it. Aluminum paint presents an excellent appearance, but 
care in mixing is required to insure a smooth, workable film. As a pre- 
servative against the elements, it also appears excellent. 

Asphalt-base paints are generally easily applied, while some coal-tar 
paints require heating for best results, an accomplishment oftentimes 
difficult of proper attainment. Coal-tar paints also contract, if applied 
in heavy coats, leaving check marks, while asphalt paints are not so likely 
to do so. Graphite paints give good protection above water. 

In our experience with sewage digester mechanisms, it may be inter- 
esting to note that at one plant there was practically no evidence of corro- 
sion after two years of operation, even though the initial painting job was 
very poor. Absence of oxygen and organic acids doubtless explains this 
result. 

In other equipment below water, painting or touching up every two to 
three years is recommended, although here again no serious corrosion has 
been noted in plants operating for five years without attention. Above 
water, evidences of corrosion should be checked by painting as required, 
the same as for any structures. 

At the present time we are conducting some exhaustive tests on various 
protective paints, but since time is the only sure test, these have not been 
going on long enough to produce definite results. Tests of this character 
are needed to establish some fundamental basis for determining the most 
suitable protective or preservative paints. 
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Discussion 


Following the reading of this paper by Mr. Rankin, Mr. Wm. A. Ryan, 
Rochester, N. Y., stated that Headley’s emulsified road tar is an effective 
coating for concrete. Brown asphalt paint is used at Rochester to coat 
metal exposed to sewage. 

C. C. Agar, Albany, N. Y., stated that the corrosion at the flow line 
was more intense due to the repeated wetting and drying of metal at this 
point. 

Professor Henry N. Ogden, Ithaca, N. Y., stated that red lead paint 
did not adhere toa galvanized iron roof. It was later pointed out, however, 
that new galvanized iron is coated with a film of oil or grease which prevents 
the paint adhering. If the galvanized roof is painted, after the iron has 
been exposed to the weather and the grease film removed, the paint will 
adhere. 

Mr. William Gyatt, Syracuse, N. Y., stated that red lead mixed with lin- 
seed oil adheres satisfactorily to metal surfaces. 

Mr. L. H. Enslow, Chlorine Institute, New York City, stated that road 
Tarvia diluted with benzine has been used at the Grand Rapids sewage 
pumping station with complete success. Mr. Enslow indicated that the 
hydrogen-ion concentration at the metal surface controlled corrosion, and 
that sulphur compounds in the sewage were the most important corrosive 
agents. Hydrogen sulphide fumes are very corrosive to switchboards and 
exposed copper in pumping stations. Mr. Ryan replied to this latter 
statement by saying that copper may be protected by a special lacquer 
developed by the General Electric Company. Mr. Enslow inquired 
whether titanium base paint has been used by anyone present. No reply 
was received. 

Mr. Wm. R. Eckhart, Rochester, N. Y., stated that cider vinegar may 
be used as a cleansing agent before applying protective compounds to metal 
surfaces. 

Mr. John F. Skinner, Rochester, N. Y., stated that serious corrosion of 
steel pipe used in Rochester was due to the electrical potential on the two 
surfaces of the pipe which in turn is due to the existence of dissolved oxygen 
of the water inside of the pipe and carbon dioxide in the ground water 
surrounding the pipe. Mr. Skinner pointed out that red lead is very heavy 
and difficult to apply and that painters were likely to neglect thorough 
brushing of the paint. It was also stated that the Superior Graphite Paint, 
consisting of red lead, graphite and linseed oil, was a very effective protec- 
tive coating. This paint is manufactured by the Detroit Gas Company. 
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Discussion—Sewage Plant Operators’ Problems 
Iowa Sewage Treatment Conference, Iowa 


State College, Ames, Nov. 12-14, 1930 


Chairman—LINpDON J. MURPHY 


One of the most valuable parts of these conferences is the discussion that 
follows a paper. The discussion this afternoon is to cover the general sub- 
ject of sewage treatment. This may not be entirely new to some of you 
who have been here before, but I think you will appreciate this review of 
how the plant functions and what makes the bugs work. The fundamen- 
tals of sewage disposal will be covered this afternoon. 


Discussion—Separate Sludge Digestion vs. Imhoff Tanks 


An engineer recently mentioned the fact that many cities and villages 
were putting in separate sludge-digestion tanks in their new sewage treat- 
ment plants. He also said that he thought separate sludge digestion had 
superseded the old Imhoff tank. Any new invention in sewage treatment 
seems to be the ultimate treatment and we more or less discard the others. 
Another engineer thinks that the Imhoff tank fills the needs of some towns 
very well. I have suggested to Mr. Wieters and Mr. Currie that they tell 
you someting pro or con on this subject of whether or not we should throw 
away the Imhoff tank. 

Mr. Wieters: I realize that this is a very controversial subject and I 
am going to be very careful in what I say in connection with it. I have one 
distinct advantage, because just before this meeting I was talking with 
Mr. Currie and I asked him if he thought separate sludge digestion had 
superseded Imhoff tanks, and he said that he did not think it had. 

I am simply going to try to point out some of the advantages of the one 
type over the other. The proponents of the clarifier advocate it because 
they say there is less interference with septic action. But I think there is 
very little difference in the two. You can design-an Imhoff tank that will 
give practically the same conditions. There is one disadvantage to the 
clarifier. You have a moving mechanical arm which constantly agitates 
the sludge and this may bring back into solution some of the material 
already settled out. In some clarifiers this has been noticed and in some 
it hasnot. In some instances the matter has been taken care of by slowing 
down the motion of the mechanical arm. 

In separate sludge digestion you have complete separation of the settling 
and digestion chambers, but it seems to me that the advantage of this is 
a matter of opinion. Inthe Imhoff tank, there is always the possibility that 
the stale liquid that lies above the digesting sludge will have free access to 
and mix with the fresh material that is coming down into the settling com- 
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partment. Other factors, such as temperature currents, can cause the 
tendency to mix. 

One of the principal talking points for separate sludge digestion is flexi- 
bility of control. If lime is necessary in order to adjust the pH, it is much 
more easily applied than in the Imhoff tank. However, some of the later 
types of clarifiers have been designed without the mechanical mixing arm 
but have pumps for mixing the fresh sludge with the digesting sludge. It 
seems to me that this could be done as easily in an Imhoff tank as in a sepa- 
rate digester. 

One of the arguments used for the separate digester and the mechanical 
equipment is that it will require the attention of an operator, and that the 
operator will have to be there to look after the equipment. That might be 
more justly an argument against it. It does require more attention than 
an Imhoff tank, for you have more mechanical moving parts. The sepa- 
rate sludge-digestion plants have not been in operation long enough for us 
to know how expensive they will be to maintain and operate, nor how fre- 
quently they will need to be replaced. 

Most separate sludge-digestion plants now being built are equipped with 
units for collecting gas and heating the sludge, thus getting more complete 
digestion and getting it in a shorter time. This is also possible with the 
Imhoff tank. On a recent trip through Texas I saw several plants that 
were using this with the Imhoff tanks. In this connection, so far as di- 
gestion is concerned, the Imhoff tank has one decided advantage over 
separate digestion where the units are not heated. The Imhoff tank is 
built entirely below ground, and as a result of that and the layer of water on 
the top, it keeps comparatively warm without heating. The temperatures 
will probably maintain a higher level in an Imhoff tank than in a separate 
digestion tank when not heated. In the separate digestion tank there is 
very little heat from the fresh sewage that is coming in. 

In the separate digestion tank we get away from foaming. There is 
probably a lot to be learned about foaming, but I notice that is one of the 
subjects for the round table discussion on Saturday. It occurs to me that 
in the later designs of the Imhoff tanks they are making provisions to take 
care of the scum and foaming. I always remember the remark of Mr. Buf- 
kin from Mason City at one of these conferences. He was asked what he 
did when his tank foamed, and he replied that he let her foam. If it does 
not overflow into the flowing-through chamber, that is a pretty good solu- 
tion. 

For cities of from ten to twelve thousand population there is not much 
difference in the cost of installation of the Imhoff tank and the separate 
sludge digestion, but for cities of from three to five thousand population 
Imhoff tanks have been found somewhat cheaper. It seems to me that 
that is still quite an important factor here in Iowa. It might be possible 
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to sell a sewage disposal plant to a city for from thirty-five to forty thousand 
dollars, but to add six or ten thousand dollars to the price would kill the 
whole proposition. In regard to operating costs, Mr. Currie will tell you 
something about that. 

Mr. Currie: The Imhoff tank has disadvantages that the separate 
clarifier and sludge digestion do not have. Some communities have wastes 
that develop acidity and need control, such as an overly large amount of 
creamery waste in the smaller towns. It is more difficult and more expen- 
sive to treat acidity in the Imhoff tank than in the separate sludge-digestion 
tank where you have merely the sludge itself to consider. The temperature 
of the digestion tank is very important, and may be the cause of foaming. 
The tank may be located in a place where the ground conditions maintain 
a low temperature throughout the year. But there are many communities 
where the Imhoff tank fills the needs of the community very well. I would 
ge even further and say that I do not believe that septic tanks are entirely 
obsolete, when the cost of construction is a serious item, and where the 
location of the tank is sufficiently isolated from the homes. 

The difference in operating costs between the Imhoff tank and the 
separate digestion tank varies a good deal with the relative size of the two. 
Some small Imhoff tanks are doing well with less operating attention than 
the mechanical clarifiers. But when you get into the larger sized plants 
the argument might be in favor of the mechanical clarifier, and would 
certainly be in favor of it in regard to pleasure of operating it. You can’t 
get as intensive digestion, nor can you handle some kinds of waste in an 
Imhoff tank that you can in a separate digestion tank. To say that any 
method of sewage treatment is entirely obsolete is going pretty far. I 
think there is a place for the sand filter, the trickling filter, the activated 
sludge plant, the septic tank and the Imhoff tank. There is a place some- 
where in which every one of these will be justified as the proper method of 
sewage treatment. 

Mr. Murphy: I think Mr. Wieters and Mr. Currie have mentioned some 
very good points, and I wonder if any of you men would like to take issue 
with them. What experience have you men had with these two types of 
plants? Theoretically, one may be good here and another there, but what 
do you find your experience to be? 

Mr. Witter: The Imhoff tank that we have at Newell was built so it 
sticks out of the ground about fourteen feet and we found that we had to 
bank it up. We have never had any trouble except that the gas vents 
fill up. We don’t know what foaming means. 

Operator: How about the odor, do you have any? 

Mr. Witter: We do have a little odor, but we have no flies. 

Mr. Bragstad, Sioux Falls: I am inclined to agree with Mr. Currie. 
From my observation, none of the types mentioned are ready to be dis- 
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carded. Every city and village presents a problem by itself that justifies 
one type of tank rather than another. We have had a separate sludge- 
digestion plant in operation for three years. It is a fairly large plant and 
was originally designed for gas collection and heating. The heating equip- 
ment was not installed at first, and as the plant was put into operation in 
the fall, there was some delay in seeding and getting digestion. We are 
taking a large percentage of packing house waste. 

Chairman: Don’t you get milk products waste, too? 

Mr. Bragstad: Relatively a small amount. The packing house waste 
is the largest factor. We get two-thirds packing house waste and only 
one-third domestic sewage. The sludge capacity is rather large for the 
city. The plant was originally designed for gas collection and heating the 
tanks. This feature was added just about when the contract was let. It 
was installed without the gas-collection unit. The plant was placed in 
operation in the fall, with no seeding of the tanks. The plant went through 
the winter with no apparent activity, storing up raw sludge. There was a 
little gas, but not much. When the temperatures began to rise in the spring 
the activity began, and the foaming began in May, and there was some 
scum formation. 

Tests were run regularly on the pH and lime was added almost daily. 
From 150 pounds to 300 pounds per day were added in an attempt to adjust 
the pH of the sludge. We thought we could stop the foaming in that way. 
During the summer we frequently called in men from outside, men who were 
experienced in the operation of these tanks, and they suggested ways to stop 
the foaming. We succeeded in keeping the pH around 6.6 and sometimes 
bringing it up to 7 by the addition of lime. The foaming did not stop per- 
manently. It would stop for a while and then begin again. We tried cir- 
culating the sludge. We drew the sludge and pumped the tanks. The 
circulation of the sludge seemed to aggravate the foaming at times. The 
temperature went from 48° to 70° F. for a short period, then it came 
down to 60° F. 

The tanks were not overloaded. All the time the sludge was accumulat- 
ing and in the fall we had from three to four feet of scum on the top of the 
tank. We went into the winter without much improvement in the opera- 
tion of the tanks. During the winter we installed the heating coils, and 
the following spring the heating apparatus was placed in operation. ‘As 
soon as we got the temperature of the sludge to 70° or above, the pH came 
up and has been running 7.2 to 7.4 ever since, and the foaming has ceased. 

Only a relatively small amount of scum forms. I think during the first 
year of operation we did not succeed in getting alkaline digestion that 
we should have, and that we lacked the proper sort of organisms. This 
demonstrates the importance of temperature in proper sludge digestion. 
In plants in this latitude the temperature control is of extreme importance. 
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This plant was not provided with facilities for the removal of scum from 
the top of the tank. 

Operator: What did you do with the scum? 

Mr. Bragstad: We ran the scum out on the sludge beds. There have 
probably been many of you who have had experience with foaming. I 
don’t see how we could have gotten along without the temperature control. 
We had foaming no matter what other methods we used. 

Mr. Stull, Storm Lake: We had some trouble getting the right pH at 
our plant. We added 50 to 75 pounds of lime and got a pH of 6.6 to 6.8. 
Then we added 250 pounds of lime at a time, and the pH improved con- 
siderably. I now add 200 pounds of lime for every 4000 city population. 
I think one of the troubles in adding lime is that we do not add enough. 

Operator: How about your temperatures? 

Mr. Stull: The temperature runs from 62° to 68° F. 


Foaming 


Mr. Murphy: The City of Boone has had a similar experience with 
foaming in the Imhoff tanks. Mr. Nelson, can you tell us something about 
the operation of the plant at Boone? 

Mr. Nelson: We have not had any foaming for a year now. I don’t 
know whether we are just lucky or if we have done something that has 
stopped it. 

Mr. Murphy: Have you figured out what caused the foaming there at 
one time? 

Mr. Nelson: I can’t say that we have arrived at an explanation of the 
foaming. Our experience was similar to that at the Sioux Falls plant. Our 
plant consists of two Imhoff tanks, and the plant was put in operation in 
February when the temperature was about zero. There was no sign of gas 
in the tanks for about two months. Then it gradually started and it was 
not long before the tanks were foaming. We had trouble for about a year, 
and added lime in two or three different ways. We collected the effluent 
from the filter and pumped it back into the tank. We made a solution of 
milk of lime and pumped that into the tanks, then we applied milk of lime 
to the sludge in the tanks, a barrel to each tank. That seemed to have as 
much effect as anything we have used. The foaming subsided but we had 
more or less trouble for a year. We tried chlorine but did not have a very 
good method of applying it. We used about 12 parts per million but that 
did not seem to help the foaming. We have not had any trouble for a year 
now. 

Mr. Murphy: Putting an open tank in operation in the middle of the 
winter does create a problem of getting a good seeding. 

Mr. Boyce: Practically every new sewage tank has some trouble with 
foaming the first year. When the sludge starts to digest there is likely to 
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be some foaming. It helps if the plant has a large enough capacity so that 
it is possible to keep some of the digested sludge in the plant for seeding. 
Removal of too much sludge makes the foaming recur. If you keep 
some of the digested sludge with the other sludge it will minimize this 
difficulty. 

Operator: How much should you keep? 

Mr. Boyce: Keep as much of the active sludge as you can. 

Mr. Bufkin: I understand that some have more trouble with foaming in 
the winter than inthe summer. My experience has been that the colder the 
weather the less foaming there is. At zero there is practically no foaming, 
but in hot weather it is practically impossible to control the foaming. 

Mr. Murphy: At every plant of which we have a record, serious foam- 
ing has come during the warmer weather. Hence your experience, Mr. 
Bufkin, would seem to agree rather than run counter to that of others. 

Mr. Drake: What would you do with a plant that keeps foaming and 
foaming but digests nothing, and smells bad? 

Mr. Currie: Is it a new plant? 

Mr. Drake: About the fourth season for it. 

Mr. Pickens: It is difficult to understand why a tank that is four or five 
years old should not become properly balanced. 

Mr. Drake: The water in the tank is black, and the gas brings the scum 
and sludge to the top and we can’t make it settle. 

Mr. Pickens: Is the discharged sludge tarry in color and odor? 

Mr. Drake: The sludge turns green, and if it runs a little while it be- 
comes just sewage-like. 

Mr. Mark: I know the layout of that particular plant. Has the cream- 
ery been disconnected? 

Mr. Drake: No. 

Mr. Currie: The water in that territory is very high in sulphate. 

Mr. Drake: We have changed the water supply recently, but it is in 
the same location and probably contains the same material. The sludge is 
drawn off three times a year, the fall, spring and summer. A lot of raw 
sewage rises to the surface of the flowing-through chamber. 

Mr. Currie: You had better examine your tank and see if you have an 
Imhoff tank at all. I am not saying that this is your trouble, but about 
twelve years ago in a city I know of, the city engineer made the design for 
a sewage treatment tank. The contract was let to a local contractor who 
was not very well versed in the interpretation of engineers’ designs. The 
plant was built but never worked properly. The covers for the tank were 
to be plank, but the contractor proceeded to put a concrete cover over the 
Imhoff tank. The engineer had designed lugs across the bottom, but the 
contractor and inspector had misinterpreted these lugs for openings. So 
the space of the lugs was closed and the rest was open, so there were only 
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two or three twelve-inch openings for the sewage to settle through. I am 
not suggesting that this is your trouble, but there may be something wrong 
with the construction of your tank. 

Mr. Drake: About two years ago the engineer recommended that we 
divide the tank with a board partition that goes clear through from the 
inlet to the outlet. We use one side at a time and the sludge slides down 
this one side and piles up close to the slot. 

Mr. Currie: The sludge should settle equally across the tank and not 
pile up. If the sludge piles up it is a very unusual sludge. Do you use a 
chain to clean the slot? 

Mr. Drake: We use a long handled spade. 

Mr. Currie: I would recommend the chain; you can then be surer of 
getting it all the way down. 

Mr. Scott: It may be that the baffle, which was added after the plant 
was designed, may have something to do with its inefficient operation. 

Mr. Higgins: Is there much scum? 

Mr. Drake: Sometimes about 18 inches, and sometimes scarcely any. 

Mr. Higgins: Is there no foaming? 

Mr. Drake: Practically no foaming. 

Mr. Higgins: Do you remove the scum on the gas vents? 

Mr. Drake: Yes. 

Mr. Currie: I would suggest that you let the scum on the gas vents get 
hard, and cut a hole in it for the gas to come through. This will also help 
in eliminating the odor. 


Odors from Tanks 


Mr. Drake: The odor is about our worst trouble. The baffle was to 
cut down the odor. If we could eliminate the odor we could get along with 
the other troubles. People complain about the odor. 

Mr. Wieters: Odor is just an indication that your plant is not working 
perfectly. How does the sewage get to the plant, by siphon or by gravity 
flow? 

Mr. Drake: It comes about one-half mile through a large pipe to the 
plant. 

Mr. Wieters: There might be some putrefaction before it reaches the 
plant. 

Mr. Murphy: You doubtless have all experienced the difficulty of bad 
odor conditions in hot weather. It will be interesting to exchange experi- 
ence on that matter. How have you reduced the odors about the plant 
to the greatest extent? 

Operator: The only thing we have done is to clean up the plant by 
drawing the sludge and liming the tanks. 

Mr. Morris: I think you get more odor sometimes than others. The 
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matter of settling has something to do with it, then we thoroughly skim the 
flowing-through chamber. It is also a good thing to get a scum over the 
gas vent, leaving a hole for the gas to escape. 

Mr. Ward: I have found in our plant that if we keep the scum on the 
gas vents thoroughly stirred and broken up we get less odor. I break 
up the scum once during the day and once during the night, and do the 
same with the flowing-through chamber. I think that is the way to keep 
odors down. 

Mr. Murphy: Mr. Ward apparently gets results in preventing odors by 
keeping the scum on the gas vents thoroughly broken up. What has been 
your experience at Mason City, Mr. Bufkin? 

Mr. Bufkin: I find that we get more odor when the flow of sewage 
through the plant is less than the normal capacity, and when the plant is 
running at normal capacity the odor will disappear. 

Mr. Currie: I think Dr. Imhoff made the statement that too much water 
is used in our settling tanks. If water is necessary to spray on the gas 
vents, use the water in the tank itself. The addition of fresh water inhibits 
digestion. There are some plants where spraying is necessary to keep down 
foaming. However, I think you will find that the scum on the gas vents 
will keep down odors. Just cut a hole in the scum to let the gas escape. 
I saw one plant where there were tomato plants four feet high growing on 
the sludge and gas vents, and the plant was functioning fine. You just 
have to watch the scum close enough to see that it does not build down to 
the sludge. 

Operator: I think the odor of the scum is the worst. You get the odor 
of the gas anyway, whether you leave the scum or not. 

Mr. Mark: This summer I visited the plant at Spirit Lake. They have 
found that the addition of hydrated lime considerably reduces the odor. 

Mr. Scott: The use of chlorine is particularly good where you have a 
long sewer leading to the plant and there is a possibility of septic action 
before the sewage reaches the plant. This, of course, disturbs the action 
of the whole plant. 

Mr. Stanley: You might be interested in the plant in North Chicago. 
The town has a population of around 8000. There is a flow of about 
1,000,000 gallons per day into the Imhoff tank. There is a chemical plant, 
connected with the city sewer, where the compound ‘606’ is manufac- 
tured. The result is that there is no activity whatever in the tanks as far 
as digestion is concerned. We get this same problem where there is a 
creamery in a small town. The lactic acid disturbs the alkaline condition 
necessary for proper digestion. 

Mr. Ward: How would you explain why one tank foams and one does 
not? 

Mr. Currie: You are evidently getting better digestion in one tank than 
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the other. Try putting the main part of the sewage in the tank that is 
not foaming. You are lucky that the other one does not start. 


Odors from Filters 


Chairman: Are there any further questions on this matter? Are there 
any questions on odor control? 

Question: How much chlorine do you need to control the filter odors? 

Mr. Boyce: It is not necessary to add enough chlorine so there will be 
a residual left in the effluent. All that you want to do is to kill the bac- 
teria that produce a putrefactive condition in your plant. 

Mr. Wieters: Does anyone have any further questions? We will take 
up the matter of sewage disinfectants. 

Mr. Boyce: Frequently those who are interested in cleaning up streams 
have in mind the object of keeping the streams in condition for fishing and 
bathing and that brings up some problems in chlorination. It is effective 
on sewage that has been oxidized, but the sewage must be fresh in order 
to absorb it. In one instance we tried chlorinating the sewage twice, once 
before it entered the plant and once as it left the plant. One thing that 
interests me is that sewage disposal plants often take wastes like those from 
tuberculosis institutions and use chlorine on the effluent. Tests have 
shown that chlorine has no effect on the tuberculosis bacilli. Also the 
bacilli of anthrax and tetanus are not touched by the ordinary concentra- 
tion of chlorine. 

Mr. Wieters: Are there any questions about filter flies? Mr. Galligan, 
you are familiar with the experiment with filter flies at Mason City. 

Mr. Galligan: They tried spraying to kill the flies. That gets rid of 
them temporarily. 

Mr. Bufkin: We had the experience of having a great many flies and 
tried all sorts of ways to get rid of them. About the time we got rid of them 
the filters started clogging. It was the opinion at Mason City that the 
flies keep down the heavy growth on filters, for when the flies were removed 
the growth clogged the filters. 

Mr. Wieters: What was the nature of the spray test? 

Mr. Bufkin: Chlorine, but we had tried so many things that we were 
never sure just what had killed the flies. 

Mr. Wieters: Are there questions on the matter of filter growths? 

Mr. Warrick: At Elgin they were troubled with large numbers of flies 
and also with clogging of the filters. The operator came up to Madison 
and got some Achorutes Viaticus and placed them on the filter, but from 
all appearances they died. Then they chlorinated the filter, and shortly 
afterward they noticed the Achorutes Viaticus were developing in the filter 
bed. I can’t say whether or not the chlorine brought about the condition. 

Question: I would like to hear about Madison. 
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Mr. Warrick: The Achorutes have kept down the fly nuisance at Madi- 
son and seem to be thriving very well. The sewage there is a combination 
of domestic sewage and packing-house waste. The water spring-tail (A cho- 
rutes Viaticus) has not developed so rapidly in the new plant and I do 
not know just the reason for the failure. That is one line of research for 
the biologists to find some way of transporting them. They seem to die 
when transported. 

Mr. Currie: There are one or two plants in California where the spiders 
keep the flies down. It was also found difficult to transport these spiders, 
for like all native Californians they seemed to prefer their own state. 

Mr. Murphy: Are there any other experiences along these lines? 

Operator: Does anyone have any data on the problem of whether or 
not filter flies have any influence on the operation of the filters? Some 


people claim they do. 
Mr. Murphy: The research in this field is still in the early stages. 


The Control of Algae and Filter Flies in Trickling Filters. C. C. 
Hommon. Amer. City, 1930, 43, No. 2, 11. At Canton, Ohio, algal 
growths on the top of sprinkling filters have been controlled by allowing 
the filters to remain dry for 24 hours once a week. A satisfactory method 
has also been developed for controlling filter flies by flooding the filter 
for 24 hours once every 11 days during the warmer months. This treat- 
ment has caused a decided sloughing-off of the organic matter from the 
slag medium and has kept the filters clean. According to the author’s 
experience, excessive amounts of organic matter within the filter tend to 
retard the development of the filter fly. The success of the method of 
cleaning filters by drying and flooding depends largely on the size of the 
aggregate. If the aggregate is small, the filter may clog rapidly and dry- 
ing and flooding are not effective. The method has proved effective, 
however, where the aggregate is well graded and does not contain much 
material smaller than 1'/. in. in diameter.—Abs. No. 446, British Sum- 
mary of Current Literature, Water Pollution Research, Vol. IV, 4 (April 


1931). 
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How Jackson County Solved Its Troublesome Sewage 
Disposal Problem 


By R. E. McDonNeELL! 


The Jackson County Farm is in effect a small municipality of 1000 
aged people supported and controlled by Jackson County, Missouri. Its 
location is some ten miles from the city limits of Kansas City, Missouri, 
and about one-half that far from the nearest existing sewer system. 

The farm comprises 380 acres of very rugged land, the difference in 
elevation between the lowest and highest point being in the neighborhood 
of 130 feet. On the highest points of two hills 3500 feet apart are located, 
respectively, the quarters for negro and white inmates of the farm. Be- 
tween the two hills is a comparatively deep natural draw or ravine. Drain- 
age slopes away from both quarters in all directions but wastes from the 
farm must travel through intermittent stream beds from one and one-half 
to three miles before reaching the Little Blue River. 

The topography of the farm makes the building of a sewer line for any 
great distance an expensive task. For years the problem of building an 
outfall sewer to carry the sewage to some common point of disposal away 
from the buildings had been entirely avoided. The sewage was merely 
discharged untreated into ravines a short distance from the buildings and 
the resulting conditions were disagreeable throughout the entire vicinity. 
The original plan of treatment was to pass the sewage through small 
septic tanks located a short distance back of the respective buildings be- 
fore discharging into the ravine. These tanks were insufficient in size 
and in later years were completely bypassed, since treatment was en- 
tirely ineffective. 

A progressive administration in Jackson County sought to eliminate 
the insanitary conditions existing on the farm. 

An outfall sewer was built under great difficulties at a cost of $25,000. 
The sewer is 6530 feet long, with 622 feet of its length supported on a trestle 
crossing a ravine at a height of twenty feet. The average trench ex- 
cavation was about twelve feet and more than 700 cubic yards of rock 
were removed from these trenches. 

The treatment plant built is an activated-sludge plant of the mechani- 
cal-aeration type. It produces an effluent which is satisfactory to dis- 
pose of in a dry drainage ditch. The plant structures consist of a screen 
chamber, a preliminary settling basin, two aeration tanks, a final clarifier, 
a sludge-pump station, a sludge-digestion tank and a sludge drying bed. 

The operation of the plant may best be understood by following the 
successive steps of treatment. 


1 Burns & McDonnell Engineering Company, Kansas City and Los Angeles. 
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The incoming raw sewage flows from the outfall sewer through the 
screen chamber. Here a coarse screen, bars spaced at one and one-half 
inch centers, removes the floating materials, rocks, sticks and rags, which 
are likely to hamper operation in the plant or to be injurious to the mecha- 
nism. 

From the screen chamber the sewage flows into the primary settling tank. 
The tank is large enough to provide for a two-hour retention period for the 
design flow, in which time as much as 60 per cent of the settleable solids 
are taken from the sewage. These solids are drawn off from the bottom 




















Fic. 1.—Jackson County Treatment Plant. Screen Chamber, Pre- 
liminary Settling Tank and Aeration Tanks in Foreground, Digestion 
Tank to the Right. 


of the tank and are disposed of by decomposition in the sludge-digestion 
chamber. 

After leaving the primary settling tank the sewage is ready for treat- 
ment by the activated-sludge process. One part of activated sludge is 
pumped from the final clarifier and - mixed with five parts of sewage at the 
entrance to the aeration unit, after which the mixture is violently agitated 
in the presence of air. The aeration mechanism consists of a light tube 
3 ft. in diameter and 11 ft., 9 in. long (6 in. less than the water depth of 
the tank) suspended vertically in the center of the tanks. At the top of 
the tube a revolving cone 6 ft. in diameter, provided with vanes, pumps the 
sewage from the bottom of the tank up through the tube and throws it 
out in a thin sheet through the air over the surface of the tank. There 
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Fic. 2.—Jackson County Treatment Plant, Showing Preliminary Set- 
tling Tank, Aeration Tanks, Final Dorr Settling Tank, Sludge Pumping 
Station and Sludge Digestion Tank. 


are two such tanks, each with a capacity for an aeration period of 10 hours 
and so interconnected that they may be used in series or parallel operation. 
Settlement is provided for in the final clarifier, which is provided with 
a traction-type clarifier mechanism. 
The detention period in the final clarifier is approximately two hours. 
As sludge settles to the bottom of the tank, a slow revolving arm equipped 
with squeegees scrapes the sludge into a center opening, from which 








Fic. 3.—Simplex Aerator in Operation. 
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it is removed by a sludge pump. Part of the sludge drawn is deposited 
in the sludge digester and the remainder is returned to the aeration tank. 
The effluent from the tank is discharged into a dry stream bed, and flows 
through this ordinarily dry ravine for a distance of three miles before 
reaching the Little Blue River, without the least offense to abutting prop- 
erty owners. The construction and satisfactory operation of the plant 
has eliminated all complaints from adjoining property owners. 

The sludge digestion tank in which the activated and raw sludge is 
stored is a circular storage tank, in which digestion of the organic solids 
occurs, the principal final products of digestion being stable humus-like 
matter and methane gas, neither of which has any pronounced odor. 

Sludge will digest or become stable in about six months time in this 
digester. 

Removal of the digested sludge is accomplished by draining from the 
bottom of the tank to the sludge drying bed. This bed has a system of 
underdrains beneath a layer of sand. 

The digested sludge has a dark brown earthy appearance and is non- 
offensive to sight or smell. It has value as a fertilizer, which can be in- 
creased by adding phosphate. The dried sludge is easily scraped from the 
sand beds and may be deposited as fill garden soil. The dried sludge will 
be used as a fertilizer on the County Farm gardens, lawns and flower beds. 

The cost of the treatment plant was $30,000. It is designed to care for 
an ultimate population of 2000 inhabitants. The plant requires only 
intermittent attention for oiling and caring for the machinery. It has 
eliminated unhealthful and unpleasant conditions on and in the vicinity 
of the Jackson County Farm. The entire improvements were carried 
through under the direction of the Jackson County Court of which Harry 
F, Truman is the Presiding Judge. 

The consulting and designing engineers were Burns & McDonnell 
Engineering Company, Kansas City, Missouri, and the general contractor 
was the Merkle Contracting Company, Kansas City, Missouri. The 
aeration equipment was furnished by the Simplex Company, of Chicago; 
and the pumps and clarifier mechanism were furnished by the Dorr Com- 
pany, of Chicago. 
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Tracing Mineral Oil in Sanitary Sewers at 
San Antonio, Texas 


By W. S. STANLEY! 


One of the most annoying problems confronting the sewage plant 
operator is the waste mineral oil promiscuously dumped into sanitary 
sewers. Most of the larger cities have ordinances prohibiting such prac- 
tice, but unfortunately such ordinances seldom have teeth in them and are 
difficult to enforce. 

The City of San Antonio, Texas, with a population of 250,000, disposed 
of its sewage by broad irrigation prior to construction of an activated 
sludge plant. Little attention was paid to oil in the sewage. In July, 
1930, the activated sludge plant was close to completion, when it was 
found that the amount of oil in the sewage was so great that it would be 
impossible to build up activated sludge without elimination of the oil. 

Tracing the sources of mineral oil presented the hardest problem. 
It was decided at first to approach places which would most probably be 
the largest contributors of this nuisance. Visits were paid to garages, 
filling stations, machine shops and railroad yards, explaining in each in- 
stance the harm caused by the practice of dumping oil into sewers. No 
coercion was used, but appeal to the civic pride of the owners or managers 
was made. At the 
same time an educa- 
tional campaign was 
carried through the 
public press, pointing 
out the necessity of 
safeguarding of the 
new sewage plant, 
which was built at a 








cost of $900,000. 
The results of this 
Floats Used in Tracing Oil in Sewers. Left: Float campaign were quite 
before Use. Right: Float Showing Oil Ring. gratifying, but most of 


the places approached 

disclaimed violation of anti-oil dumping ordinances, so that it was 

impossible to isolate the real offenders, and the oil, although diminishing 

in quantity, was still polluting the plant. To obtain tangible evidence 

and confront the guilty parties with actual proof of violations, the 
following procedure was finally adopted: 

A number of wooden floats were suspended in manhole openings at the 


1 Chief Chemist, San Antonio Sewage Treatment Plant. 
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intersections of main and lateral sewers in such manner as to float in sew- 
age at low tide. The floats were 6 X 6 inches square, made of 2-inch lum- 
ber, painted with flat white paint. They were equipped with screw eyes 
for attaching a strong fishing line, which in turn was tied to manhole steps. 

The coat of flat white paint, coming into contact with oil floating at the 
surface of the sewage, retained a distinct black oil line. By examining the 
floats periodically, every two or three days, it was possible to eliminate 
sewers which showed no oil pollution, and to follow up lines contributing 
to the nuisance. In this manner, by process of elimination, we were able 
to isolate sections which showed the greatest amount of oil, and finally to 
trace individual offenders. When confronted with actual proof of the 
violation, the responsible parties without exception agreed to remedy 
the trouble, some going to considerable expense in building elaborate oil 
traps. 

As a consequence, after a vigorous campaign which lasted approxi- 
mately three weeks, the oil was eliminated. Upon rare occasions we still 
receive a slug of oil, but since the floats remain in service at strategic 
points, we have no trouble in tracing its source. 


Investigations into Benzol Separators. O.KAMMANN AND H. MULLER. 
Tech. Gemeindebl., 1930, 33, 81. The authors give a list of recent ex- 
plosions in sewers in German cities, which were due to the presence of 
benzol. An account is given of an investigation of separators at a large 
number of garages and repair works of different sizes. The results 
showed that, though a number of works possessed separators in excellent 
working order, about 30 per cent of those in control knew nothing about 
the operation of the separator, which was generally in a neglected and 
useless condition. Some form of automatic closing of the outlet to the 
sewer is advisable. Richter’s description of the development of separa- 
tors (Gesund.-Ing., Supplement, 1927, Part 5) is referred to, and a form of 
separator recommended by him, in which a float closes the outflow as 
soon as the separator has collected its maximum amount of light oil, is 
illustrated. An illustration is also given of a newer model of the Dywidag 
Company, which can also be supplied with an automatic closer. Fuel 
technologists should interest themselves in discovering some means of 
using this waste for boiler heating. The separation of the oil into its 
constituents would not be economically possible even if several towns 
combined, as carriage costs would be too great. The present require- 
ments are, therefore, education of the responsible persons, constant 
supervision by the directing authority, and regular arrangements for the 
removal of the oil— Abs. No. 970, British Summary of Current Literature, 
Water Pollution Research, Vol. III, 8 (August, 1930). 
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Cost of Sewage Treatment at Elgin, Illinois' 


By SMITH? 





E. E. 





The Sanitary District of Elgin is a municipal corporation organized for 
the express purpose of collecting and treating the sewage of the District to 
prevent objectionable pollution of the Fox River. This District has been 
organized since 1922 and has had a modern type of sewage treatment works 
in operation since June, 1927. 

The actual costs of sewage treatment at Elgin are met by taxes raised for 
the operation of the Sanitary District. In order to understand such costs 
clearly, it is necessary to classify the total costs into separate units such as 
construction costs, operating costs and general overhead costs. 

Taxes Collected.—The taxes that have been collected for the operation 
of the Sanitary District of Elgin since its organization are as follows: 


Taxes for Interest and Taxes for General 

Year Retirement of Bonds Operation 

ern. ° 2? 8 || fi Sees $43,998.86 
1924 $17,500.00 45,018.34 
1925 54,500 .00 44,267 .50 
1926 55,450.00 45,490.13 
1927 56,300 .00 48,225.47 
1928 57,050 .00 48,909 . 37 


1929 55,750.00 50,582.77 
1930 56,400.00 51,694.61 

These figures show that the total amount of taxes collected for all pur- 
poses for the last six years has averaged about $104,100 per year, or about 
$3.00 per capita per year based on a present population of 35,000. These 
collected taxes have been used to meet current expenditures. 

The expenditures of the Sanitary District to date have included: 

(a) Fixed charges on bonded debt 
(b) Direct operating expenses 

(c) Organization overhead 

(d) Construction costs. 

These expenditures have used up the total amount of taxes which legally 
can be collected by the Sanitary District. 

The following costs are taken from the records of the Sanitary District 
of Elgin since its formation in 1922. The construction costs include the 
total expenditures to May 1, 1930. All per capita cost figures are based on 
a district population of 35,000 persons. The total population of the Dis- 
trict is 36,800, which includes a part of the Elgin State Hospital, with a 
total of 1800 patients. This hospital is not connected to the sewer system 
nor does it pay taxes. 

1 Presented before Meeting of the Illinois Society of Engineers, Rockford, Ill., Janu- 


ary, 1931. 
2 District Superintendent. 
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The total construction cost was $476,619.69 for the sewage collection 
system, including intercepting sewers and three pumping stations with a 
total of eleven pumps of different sizes. This amount represents a per 
capita cost of $13.61. 

The treatment plant consists of a grit chamber, four Imhoff tanks, trick- 
ling filters 8 feet deep, with an area of 1.54 acres, two secondary tanks, 
sludge pump house and sludge pumps, twelve sludge beds complete with 
industrial track and locomotive, and a two-story office building. This plant 
was constructed at a total cost of $378,275.46, or a per capita cost of $10.81. 

Land necessary for the treatment plant and pumping station sites was 
acquired for $12,789.09, or a per capita cost of $0.37. 

The total cost of engineering services, which include consulting, district, 
assistants, inspector and all equipment, was $83,205.17, or a per capita 
cost of $2.38. 

The summarized total cost for land, construction and engineering, to 
May 1, 1930, was $950,886.41, or a per capita cost of $27.17. These per 
capita costs are not out of line with the costs of similar works elsewhere, as 
indicated by the following data: 


Approximate per Capita Costs 
Place of Sewage Disposal Project 
Springfield $33.85 
Decatur 32.20 
Peoria 26 .80 
Rockford 28.80 
Aurora 24.00 
Urbana-Champaign 18.20 


Cost in Relation to Design per Million Gallons.—The intercepting 
sewers are constructed for a future population of 75,000 persons, which at 
a rate of 246 gallons per capita per day gives a capacity of 18.5 million gal- 
lons per day. On this basis the interceptors cost about $25,800 per million 
gallons capacity. 

The treatment plant was designed for a population of 37,500 persons at 
88 gallons per capita, or 3.3 million gallons per day. At this capacity the 
treatment plant cost about $114,600 per million gallons. 

Cost of Operation.—The cost of operation is of most interest to the 
plant superintendent or operator. Operation costs at Elgin include all 
salaries of office and operating personnel, two automobiles replaced about 
every two years, with their maintenance and operating costs, repairs and 
renewals to structures and mechanical equipment, laboratory supplies and 
equipment, and office supplies. 

The total cost of operation, not including power, for the past two years 
has been $34,128.14, or about $17,000.00 per year, or a per capita cost per 
year of $0.49. 

Cost per Million Gallons of Sewage Treated.—The total cost of 
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sewage treatment at the Sanitary District of Elgin treatment works is 
$19.48 per million gallons. This is divided as follows: 





Operating expense $11.80 
Electric power 5.42 
Organization overhead 2.26 

Total $19.48 


With an average daily flow of 3,963,000 gallons of sewage for the past 
two years, the average cost to the Sanitary District for the treatment of 
sewage has been $77.20 per day. This includes only operating expenses 
and does not include fixed charges. 

There are three pumping stations for elevating the sewage to the treat- 
ment plant. The motors in these stations range from 20 to 75 horsepower. 
It is also necessary to repump seventy-five per cent of the sewage at the 
main pumping station which increases the electric power costs; therefore, 
it is desirable to keep the electric power costs separate from other operating 
costs. Due to these conditions and repumpage the total cost for electric 
power has been $15,667.70 for the past two years, or an average of about 
$7800 per year, or a per capita cost of $0.22 per year. 

In addition, the cost of operation must provide for organization overhead, 
because there are certain items that cannot be charged directly to opera- 
tion, but should be taken into consideration for the total operating cost. 
Principally among these items are legal expenses, traveling expenses, office 
furniture and equipment, trustees’ salaries and miscellaneous expenses. 
The total cost of our organization overhead is approximately $3300 per 
year, or a per capita cost of $0.09 per year. 

Total Cost to Taxpayer on per Capita Basis.—Total cost to taxpayer, 
as indicated by taxes collected, includes the foregoing operating costs and, 
in addition, fixed charges on the bonded debt and cost of replacements and 
extensions. 

The fixed charges for the bonded debt of the Sanitary District of Elgin 
require a payment of approximately $55,970 average per year over a 
20-year period, beginning 1925. At this rate the fixed charges per capita 
are $1.60 per year and $38.60 per million gallons of sewage treated, based 
on present flows. 

The sum total of the fixed charges and annual operating costs amounts 
to $2.40 per capita per year, as follows: 


Fixed charges (bonds and interest) $1.60 
Operating expenses 0.49 
Electric power 0.22 
Organization overhead 0.09 





Total $2.40 





we 
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Total operation and fixed charges may be combined as follows: 


Fixed Charges 


Operation (Bonds & Interest) Total 
Per m. g. $19.48 $38.60 $58.08 
Per capita 0.80 1.60 2.40 


The difference between the cost of $2.40 a year and the $3 per capita 
taxes raised per year represents amount of new construction work which 
has been required to organize completely the Sanitary District of Elgin. 
It is anticipated that an amount corresponding approximately to this 
$0.60 per capita per year will be required in the future to meet the cost of 
necessary replacements and extensions, which will be required to keep the 
capacities up to the demands of the community and to dispose of the sewage 
properly. 

What citizen, if the data were presented in this way, would hesitate to 
invest $3 per year if it would insure the cleaning up of the streams, the 
betterment of health conditions and the return of fish life to the streams, 
with the added satisfaction of knowing that he was taking care of his filth 
and wastes instead of dumping them upon the communities down-stream? 


$100,000 Revolving Fund Built Complete Sewerage and Sewage Dis- 
posal System. F. S. Frirev. Amer. City, 1930, 43, No. 5, 96. The 
method used to finance the construction of a sewerage system and sewage 
treatment works for the borough of Bridgeport, Pa., on the Schuylkill 
River is described. The sewerage is on the combined sewage and storm 
water system, the main outfall sewer intercepting the full dry weather 
flow and a quantity of overflow storm water equal to 10 per cent of the 
dry weather flow. This represents the first flush of rainfall and carries 
deposits from the sides of sewers and washings from the street surface. 
The entire sewage flows by gravity through screens and a two-channel 
grit chamber (which is emptied and cleaned after every storm) to the 
pumping plant by which it is raised to the treatment works. Sedimenta- 
tion and chlorination are the only treatments applied.—Abs. No. 425, 
British Summary of Current Literature, Water Pollution Research, Vol. 


IV, 4 (April, 1931). 
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The Effects of Industrial Wastes on the Operation of 
Municipal Sewage Treatment Works! 


By L. F. WarRIcK? 


Many municipalities are confronted with industrial waste problems 
in the maintenance and operation of sewerage and sewage treatment works. 
These problems have been created or intensified during recent years through 
the phenomenal development of industry in this country, with our cities 
and villages being converted into large manufacturing centers. Municipal 
sewerage systems have been utilized for the disposal of liquid trade wastes, 
often of such character or in such great amounts as to result frequently in 
difficulties or objectionable conditions at sewage treatment plants and in 
streams and lakes ultimately receiving the wastes. Accordingly, it is 
proposed herein to outline some of these difficulties, describe a few typical 
situations and, finally, to emphasize the desirability of codperative action 
by municipal and industrial plant officials in securing satisfactory solutions 
for various sewage and trade waste treatment problems. 

Industrial wastes, the physical and chemical characteristics of which 
vary considerably from those of domestic sewage, when discharged into 
municipal sewerage systems, have been responsible for such objectionable 
effects or conditions, as follows: 

1. Accelerated deterioration of sewers and sewage treatment plant 
structures. 

2. Interference with normal processes of domestic sewage treatment, 

particularly with respect to 

(a) Removal and digestion of sewage solids 

(b) Sludge disposal, and 

(c) Biological oxidation processes. 

3. Failure of sewage works to remove certain kinds of pollutional 
constituents from some trade wastes. 

4. Operating difficulties for the sewage treatment plant operating 
personnel, and 

5. Increased sewage treatment costs. 

Overloading of sewage treatment plants by excessive volumes of trade 


1 Presented at Fourth Annual Meeting of the Iowa Wastes Disposal Association, 
Ames, Iowa, Nov. 15, 1930. 
2 State Sanitary Engineer, Wisconsin State Board of Health. 
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wastes has been the cause of a considerable number of nuisances and condi- 
tions of gross pollution. 

An outstanding case of sewage treatment plant overloading by industrial 
wastes was found in a small city in Wisconsin. This municipality has a 
population tributary to the sewerage system of approximately 1200 people, 
and the sewage is given partial treatment in an Imhoff tank prior to dis- 
charge into a creek affording limited dilution. A large creamery was 
connected to the system, discharging into the treatment plant a consider- 
able volume of milk wastes, including some buttermilk and whey. Later 
a three-line pea canning plant started discharging 50,000 gallons per day 
of washings, 30,000 
gallons per day of 
cooling water and the 
silage juice from about 
800 acres of stacked 
vines, into the city 
sewers. Under nor- 
mal conditions the 
Imhoff tank would 
furnish approximately 
3'/2 hours detention 
period for the domes- 
tic sewage, but with 
the addition of the 
creamery wastes the Fic. 1—Preliminary Treatment of Milk Plant Wastes 
detention period was _Is Frequently Necessary to Prevent Operation Difficulties 
reduced to about 23/, | at Sewage Disposal Works in Small Municipalities. A 

: Bi i i llation a Jisconsi 2 
hore, Biting te: ee ee ee 
time when this tank (2) Covered Rock Filter. 
was receiving both 
the wastes from the creamery and the canning plant, the detention period 
was only 28 minutes. It is almost needless to state that treatment efficiency 
tests gave negative results. 

Considerable difficulty has been experienced with foaming in this Imhoff 
tank, and accordingly it has been necessary to build up the walls around 
the gas vents about 4 feet. At times these walls are found to be in- 
sufficient to prevent the overflow of foaming sludge. It was found impos- 
sible to remove much sludge from the digestion compartment of the tank 
in the ordinary manner, due to the fact that the bulk of the solids were to 
be found at the top of the tank in the gas vents. Since the foaming was 
experienced after the creamery was connected to the sewerage system and 
before the canning plant wastes were added, this type of operating difficulty 
can-be attributed to excessive amounts of untreated creamery wastes. 

















268 SEWAGE WorRKS JOURNAL APRIL, 1931 





That milk wastes are responsible, for ineffective operation of municipal 
disposal plants was further demonstrated in a village which recently in- 
stalled a sewerage system and treatment works. As in the foregoing case, 
treatment was in the form of an Imhoff tank. Only about 135 connections 
were made to the system, resulting in a small volume of domestic sewage 
to be handled by the plant. Wastes from a cheese factory with a milk in- 
take of about 60,000 pounds daily, after preliminary treatment in a septic 
tank, were allowed to discharge into the village sewets. As a result the 
per cent reduction of settleable solids was almost negligible, and the stream 
receiving the plant effluent gave ample indication of ineffective treatment. 

Recently preliminary treatment for the cheese factory wastes, with the 
exception of whey, has been provided and has already resulted in marked 
improvement in sewage disposal plant operation. This preliminary treat- 
ment is in the form of biological filtration for the vat, floor and utensil 
washings, the whey being returned to the cheese factory patrons for use on 
surrounding farms for stock feeding purposes. Consideration is now being 
given to the installation of drying equipment and the recovery of the solids 
in the whey in the manufacture of valuable food products. The pre- 
treatment of the washings is accomplished by a crushed granite filter, 
eight feet in depth, intermittently dosed by means of tipping troughs. 
The construction of this filter was based upon results obtained in experi- 
mental work conducted at DeForest, Wisconsin, and information concern- 
ing similar work in Iowa, Ohio and Michigan. 

Some industrial wastes have strongly acid characteristics and are found 
to cause disintegration of the sewerage systems and treatment works, 
unless given preliminary treatment to neutralize the acids. A typical 
waste of this nature is the pickling liquor from steel mills and other metal 
working industries. Some chemical manufacturing establishments also 
produce such wastes. 

Difficulties in sewage treatment due to the wastes from woolen mills 
have been experienced. This type of waste contains a large amount of 
short wool fibers, which adhere to sewage solids, and seem to exert a binding 
effect. With a sufficient quantity of this type of waste it is very probable 
that a tough scum will be formed and a large portion of the sludge found 
at the top of Imhoff and separate sludge-digestion tanks. 

Packing-plant effluents contain a considerable amount of grease which 
will not settle and must be removed by skimming processes, either at the 
packing plant or at sewage treatment works. Unless special facilities are 
provided for handling grease, the skimming process occasions consider- 
able labor for a plant operator. 

Oil wastes from industries, garages, filling stations, etc., are often 
responsible for objectionable conditions when discharged into sewerage 
systems and treatment plants. A relatively small amount of oil will 
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very materially interfere with the efficiency of operation of an activated- 
sludge plant. This type of waste should be excluded from a municipal 
sewerage system. 

Wastes produced in the manufacture of beet sugar, gas, coke, leather 
textiles, paper and a number of other products offer special problems when 
disposed of with municipal sewage. Satisfactory and economical solutions 
for many of these problems are yet to be obtained. 

Reduction of the volume and strength of industrial wastes to a minimum 
before discharge into municipal sewerage systems is often essential in over- 
coming difficulties outlined. Re-use or utilization of the wastes in the 
manufacture of valuable by-products have in some instances overcome or 
materially reduced 
these difficulties. Re- 
use of white water in 
paper mills and re- 
covery of phenol at 
by-product coke 
plants are examples 
of waste utilization 
procedures. Some- 
times these procedures 
are found to be de- 
cidedly to the eco- 
nomic advantage of 
industries involved. 

In cases where 
trade wastes cannot 











Fic. 2.—Screening and Chemical Treatment of Pea 
Canning Wastes in Fill-and-Draw Plants, Such as Shown 
Above, Have Overcome Operating Difficulties Caused by 
advantageously be These Wastes at Sewage Disposal Works. 
utilized, the problem 
generally resolves itself into securing some effective method of preliminary 
treatment. For instance, at the present time in Wisconsin the problems 
offered by pea canning wastes are being taken care of by the installation 
at the canneries of screening facilities and fill-and-draw types of chemical 
treatment units. The treatment afforded by these installations has satis- 
factorily overcome difficulties previously experienced at sewage disposal 
plants receiving the wastes. 

The results of experimental work in the treatment of cannery wastes in 
Wisconsin demonstrate that: 

1. For the removal of gross solids, mechanical screen units covered 
with 40-mesh wire are found to be most satisfactory and constitute a very 
essential part of any treatment system. Every canning factory should be 
equipped with effective waste-screening facilities. 

2. For further treatment of the screened waste to reduce objectionable 


ams 
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blade matter 50 to 75 per cent as measured by the oxygen demand, 
it ig necessary to apply 3'/; pounds of ferrous sulphate and 7'/; pounds of 
lime per thousand gallons of pea canning wastes; 2'/, pounds of ferrous 
sulphate and 6 pounds of lime per thousand gallons of wax bean wastes; and 
3'/, pounds of ferrous sulphate and 6 pounds of lime per thousand gallons 
of torn wastes. Thorough mixing of the chemicals with the waste and a 
settling period of at least one hour are required to insure proper treatment. 
Mixing previously precipitated sludge with fresh wastes retards the set- 
tling rate. Daily removal of the sludge is essential. 

3. <A trickling filter constructed of crushed limestone 8 feet in depth 
will reduce the oxygen demand of pea canning waste remaining after 
chemical treatment 35 to 84 per cent if the volume of wastes applied does 
not exceed three million gallons per acre of filter area perday. About two 
weeks of operation were required before the filter became effective. 

4. Operation costs of chemical treatment plants varied from 0.34 to 
0.78 of a cent per case of No. 2 cans of peas. Total waste treatment charges, 
including depreciation estimated at 10 per cent, should not exceed one cent 
per case of No. 2 cans of peas. The cost of a treatment plant properly 
designed, constructed and equipped for the treatment of wastes from a 
three-line pea cannery was $3500. 

5. Sludge produced by proper chemical treatment dries rapidly on 
sand beds and has no appreciable odor. It has a fertilizer value of about 
$3.50 per ton, sufficient to warrant its removal and use on nearby farms. 

6. Disposal of the factory wastes by broad irrigation was not found 
satisfactory for general application. It may be possible, in exceptional 
cases, to dispose of the wastes by this method on exceedingly porous soil, 
and at isolated sites where odor control is not essential. Control of 
odors by chlorination, with this method of disposal, is limited in effective- 
ness. 

In the case of pea canning wastes the volume of the wastes is large and 
the period of operation of the factory is usually in the neighborhood of six 
weeks. If small municipalities were to attempt to provide satisfactory 
treatment for pea canning wastes, it would be necessary for them to double 
if not triple the capacity of their plants in order to take care of this waste, 
which is discharged for only a period of six weeks. This would mean a 
considerable investment for a municipality in order to take care of the 
wastes from one factory. On the other hand, the type of treatment re- 
quired to treat this type of waste would not be entirely satisfactory for 
the treatment of domestic sewage. 

Difficulties will be continually encountered in the disposal of trade 
wastes through public sewerage and sewage treatment plants unless care- 
ful study is given each problem by both industry and the municipality. 
These problems should be considered both from the points of view of, 
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first, waste recovery and, secondly, modification of waste characteristics 
to allow satisfactory treatment and disposal with the domestic sewage. 

Cities and villages should assume responsibility for the maintenance of 
proper sanitary conditions within the areas of their jurisdiction. They 
should, therefore, furnish general supervision over the operation and main- 
tenance of all local installations for the disposal or pre-treatment of in- 
dustrial wastes in order that effective results may at all times be secured. 

In conclusion, it is desired to emphasize that the industry and munici- 
pality are mutually concerned in the satisfactory disposal of wastes. 
Frequently industries are induced to locate in municipalities by the offer of 
sewerage and other facilities. The success of the industry is frequently 
vital to the development of the municipality. The problem, therefore, 
becomes one requiring codperation on the part of both the municipality 
and the industry. 


Discussion on Treatment of Industrial Wastes 


Mr. Murphy: Practically every municipality must face this problem, 
and it is good that we can have a statement of conditions brought before 
us in this way. 

Mr. Wieters: I would like to ask Mr. Warrick what he thinks of this 
chemical treatment for corn wastes. We have only one exclusive pea 
cannery and many corn factories in this state. I understand that the 
work he mentions has been done largely on peas, but that there is some on 
corn. 

Mr. Warrick: Corn cannery wastes vary somewhat from pea cannery 
wastes. The oxygen demand reduction is not so great with the corn wastes, 
but after secondary biological treatment they can be assimilated by a 
stream, affording limited dilution. The treatment cost is not excessive, 
from one cent to one and one-half cents per case of corn. Many of our 
canneries in Wisconsin pack peas alone, and what corn is canned is usually 
canned in the same factories with other vegetables so there has been little 
work done exclusively on corn. 

Mr. Wieters: I would like to ask Mr. Warrick one question. I under- 
stood you to say that the State Board of Health and the canners of Wis- 
consin had agreed that, regardless of location, all pea canneries should 
provide screens. Do you think the same should apply to corn? 

Mr. Warrick: Yes, I think that regardless of the treatment to be used 
the screen is necessary. 

Mr. Drake: I would like to ask Mr. Warrick about packing-house wastes 
in Wisconsin. If they are bothered with the same troubles that we are, 
and, if so, what they do about them. 

Mr. Warrick: We have several packing-house waste problems. In 
Madison there is a packing-house where they give the waste preliminary 
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treatment in the form of a clarifying unit. The grease comes to the sur- 
face and the solids settle out and are recovered by the packing plant. 
The wastes are then sent to the disposal plant and are there put through a 
preliminary treatment for the removal of greasy substances that have been 
carried over. It seems that some of these solids settle out very slowly so 
the wastes are then passed into one separate unit of the disposal plant 
sedimentation tanks before being passed into the contact unit and out on 
the trickling filter. After this it has been found that the waste can be dis- 
charged into the local lake without offense. The combined waste from 
packing plant and domestic sewage has a 5-day B. O. D. from 1000 to 1500 
parts per million. 

Mr. Drake: Is it advisable to attempt to settle out solids by 
chemicals? 

Mr. Warrick: That was given some consideration in the preliminary 
tests at the University of Wisconsin and was passed up as being of little 
benefit. The use of chemicals might, we thought, create a problem of 
sludge disposal. 

Mr. Drake: Could you say what chemical treatments were tried at the 
university? 

Mr. Warrick: Acid treatments were used and so were various sulphates 
and other precipitants, but in just what proportions, I don’t recall. 

Mr. Wieters: We seem to have drifted from cannery wastes to packing- 
house wastes. Are there any further questions on cannery wastes? 

Question: I would like to ask what is the best depth for a filter in order 
to get a good effluent from canning factory sewage? 

Mr. Warrick: The depth should be about eight feet. It should be 
emphasized, however, that every cannery offers a special problem. Local 
waste treatment requirements must be taken into consideration. 

Mr. Galligan: We have a filter of a depth of six feet at Slater, and at 
Glidden one that is seven feet in depth. Both of these care for creamery 
wastes. We have not enough data to state definitely as to what degree of 
treatment we canexpect. At Glidden we have found an 85 per cent B. O. D. 
reduction through the seven-foot filter. It has been operating since June 
28, 1930, with no difficulty except clogging. It is my opinion that in treat- 
ing creamery wastes we should pay more attention to the storage period 
before the wastes go on to the filter. That period should be such that we 
are not getting acid conditions in the wastes before they go on the filter. 
The fact that the acid-producing constituents will remain in solution until 
we get putrefactive conditions isimportant. Solids will settle out if we pro- 
vide a proper detention period. This will relieve the load on the filter very 
much. If we can reduce the load on the creamery waste filters, we will 
get more economic operation of the filters. At Slater we had originally a 
cinder filter but that did not prove to be satisfactory, so we have replaced 
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it with crushed granite, 1 to 2'/, inches in size. This seems to be very 
satisfactory. 

Mr. Stanley: I would like to ask about the load on these filters. 

Mr. Galligan: We have a 1500-gallon storage well, and that irons out 
the question of the concentration of our wastes very well. We figure the 
loading on the filters in gallons per acre per day with the oxygen consumed 
value. We figure our oxygen consumed for wastes of a certain strength 
and certain quantity per acre. 

Mr. Stanley: What if the depth is more than six feet? 

Mr. Galligan: That is the point that we do not know about. Some 
say that to increase the depth of the filter is an economic thing to do for 
it produces better nitrification in the effluent. I think the depth should 
be such that you get good filtration, and we have been trying different 
depths to see what is the most economic in regard to depth and size of 
stones, etc. Beet-sugar wastes are somewhat comparable to creamery 
wastes and it was found that there was some reduction in B.O.D. in the 
deeper filters, and that perhaps you would not get the nitrification in the 
shallow filters that you would in the deeper filters. 

Mr. Wieters: The creamery in a small town presents a real problem. 
In the larger city the domestic sewage will absorb it. In some small 
towns the creameries have to be shut off from the general sewer. There 
are any number of small plants that do not function properly just because 
of the creameries. 

Mr. Boyce: I wonder if the same thing happens here as it often does 
in Kansas creameries. If something goes wrong at the creamery and they 
spoil some product they empty great quantities of milk into the sewer and 
the concentration runs very high on account of creamery wastes for a while. 
Then an 85 percent reduction in B. O. D. would still leave it pretty high in 
B.O. D. I wonder if there are cities that prohibit the discharge of milk 
into the sewers? 

Operator: We have often been troubled with the creamery discharging 
a great supply of buttermilk at one time. Ordinarily they store this 
buttermilk in a large vat and farmers come in and get it for feed, but when 
the weather is hottest, and the farmers are the busiest, they do not come 
for it and so every few days the creamery will discharge a great quantity 
of the buttermilk into the sewer. 

Mr. Boyce: We need to provide for such things. There would be some 
advantage in a longer storage period. It would iron out the fluctuation in 
concentration. We are concerned mainly with removing the acid from 
the waste so it can be handled in the sewage plant. Of course, in an ac- 
tivated-sludge plant that is different. We find in treating creamery waste 
we may get a high degree of purification and reduction of B. O. D., but the 
odors are terrible. The activated-sludge treatment is not suited to cream- 
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ery waste. I know of one place where they have a $30,000 plant to treat 
the creamery wastes and the odor is noticeable ten miles away. The 
waste showed a B. O. D. of 400 to 4000, or what would be normal 
for a city of about 180,000. It was a load that the sludge plant could 
not handle. 

Mr. Warrick: We tried an activated-sludge plant at DeForest. We 
had not been operating it more than two weeks when someone dropped 
some cleaning powder in the sewer from the creamery. It just turned 
things all wrong and we had to clean out the whole system. The health 
officer came down to see what we were trying to do, and people complained 
to the state board of health. 

Mr. Currie: We have had similar experience with packing-house waste. 
Something may go wrong in one of the plants, and the result will be that 
it is soon felt all over the sewage disposal plant, and very often we find that 
we lose our activated sludge that it has taken weeks to build up. 

Mr. Hall, Centerville: We have had that same trouble that Mr. Boyce 
mentioned; the creamery takes care of its surplus by emptying it into the 
sewer. They have tried drying the buttermilk and that helps. But they 
have used some kind of washing compound that fills up the sewers with a 
white deposit, and we often have to clean out the entire system. 

Mr. Wieters: If you alternate the condition of having oxygen in the 
sewer at some times and no oxygen at other times there will be an antago- 
nistic condition. We are pretty sure that if you keep oxygen there all the 
time you will get organic growths that will clog up the plant and the whole 
system. Is the waste being treated before it enters the sewer? 

Mr. Hall: Just drying the buttermilk. The material that clogs the 
sewers is a white solid that looks like lime. 

Operator: Mr. Hall mentioned the buttermilk drier. This, of course, 
takes care of the buttermilk, but have any of you had any trouble with 
odors? Under some atmospheric conditions the odor is very bad, and 
unless the creamery is in a rather isolated location there will be much 
complaint. 

Mr. Warrick: We have had a marked tendency on the part of creameries 
and cheese factories to install driers and make use of the removed solids. 
According to some of the dairy officials with whom I have talked they have 
found commercial value in these solids that makes it worth while to save 
them. They have had no trouble with the local authorities on account of 
the driers being used. In the small communities they are willing to put up 
with a certain amount of atmospheric nuisance because the surrounding 
population is rather dependent upon the creamery. 

Operator: We have a small town of about 1800 population and are 
having considerable trouble with our disposal plant. We have a large 
creamery that produces two million pounds of butter a year, and the waste 
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is taken care of at the municipal plant. Is it practical to try to care for 


that waste in the municipal plant? 

Mr. Wieters: I would say that under those circumstances it would 
be much better to have some type of a separate plant for the creamery 
wastes. 

Mr. Warrick: Asa rough estimate I would say that you can dispose of 
creamery wastes to the extent of about twenty per cent of the total sewage 
flow. If the volume is greater than that you are apt to have trouble. 

Operator: At the present time we have a flow of about one hundred 
gallons per minute, and the creamery uses from one-third to one-fourth 
of the water supply. We have the old style of Imhoff settling tank. The 
detention period is about one hour. 

Mr. Currie: It occurs to me that it might be possible to handle more 
creamery wastes in the sewage treatment plant if the flow could be equal- 
ized, so that it would flow into the city system at a uniform rate. Then 
there would be a more uniform concentration of creamery wastes with 
domestic wastes.) However, if the wastes were to be held at the plant 
and allowed to flow more equally, it would be necessary to prevent decom- 
position of the waste before it entered the system. It would probably be 
necessary to chlorinate the wastes. Any city treatment plant could absorb 
more if the wastes came in a more uniform flow. It is the percentage of 
B.O.D. removal that is important, not just the amount. If you have a 
sewage containing 800 to 900 parts per million B. O. D. and you remove 25 
to 30 per cent of it you still have more left than if you had 200 to 250 to 





begin with. 
Mr. Galligan: I think the trouble with creamery wastes is not so much 


the strength of the B. O. D. as the acidity. The equalizing tank would still 
leave that problem. 

Mr. Currie: In the particular instance to which I was referring it was 
not the acid that was causing the trouble. The wastes reached the plant 
while they were still fresh enough so there was little acid. It was a case of 
overloading the plant and flowing too fast on to the filters. 

Mr. Wieters: What was the pH at this plant? 

Engineer: It was sometimes down as low as 4.5 or 4.6. 

Mr. Wieters: I think there are less objectionable odors in connection 
with these codperative creameries than with the large creameries that buy 
all sorts of cream. The codperatives usually try to produce a good quality 
product and receive only cream that is in good condition. The others 
may accept cream that is old and the drying creates more of a nuisance. 
In most of the codperative creameries the farmers will put in driers if 
they see that it will make more money for them. The alkaline substances 
used in washing helps to neutralize the acids in the wastes. 
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The Treatment of Sewage Containing Industrial 
Wastes' 


By Roy S. LANPHEAR? 


Much has been written concerning the treatment of industrial waste 
liquors, but the data presented usually fail to demonstrate how to handle 
these wastes when they are present in varying amounts in large quantities 
of sewage. Asarule, such information has been obtained in the treatment 
of small quantities of a single industrial waste. Frequently the method 
developed will not lend itself to the economical or effective operation of a 
large municipal sewage treatment plant. 

A successful method for treatment of municipal sewage containing vari- 
able quantities of a number of industrial wastes may be demonstrated by 
experiments made on a large scale with the sewage to be treated. The 
operation of municipal experimental sewage treatment plants serves this 
purpose. Successful large plant operation, based upon the results obtained 
by operation of the experimental plant, is dependent upon two factors, 
namely, prompt construction of the large plant and control of the dis- 
charge of industrial wastes into the sewers. 

To a person not intimately connected with sewage plant operation, 
control of the discharge of industrial wastes may not seem very difficult. 
Those familiar with this problem realize that such control may be difficult. 
Undoubtedly, there are many instances of codperation between industry 
and the municipality. As a rule, however, such codperation is usually 
found in the case of a single industry, with a small amount of waste liquor, 
to whom the order to cease stream pollution applies solely. 

Coéperation between industry and municipality in the treatment of 
industrial wastes or control of their discharge into the sewers is necessary. 
Possibly because of my own experience with acid-iron wastes, I am par- 
ticularly interested in the results obtained at the sewage treatment plants 
at Fostoria, Ohio, and the southerly plant at Cleveland, Ohio. The Fos- 
toria trickling filters became so clogged with hydrate of iron that their 
operation was impossible; operation of the Cleveland trickling filters was 
suspended until the quantity of iron wastes was regulated, for fear of the 
same result. The difficulties of the sewage treatment plant at Akron, Ohio, 
in successfully treating the wastes of the rubber industry have recently 
been reported. If I am informed correctly, the design of this plant was 
based upon the assurance that these wastes would be properly cared for 
before they were discharged into the sewers. Irrespective of the particular 
waste liquor, the quantity and its distribution in the sewage during the 


1 Presented before North Carolina Sewage Works Association, Hendersonville, N. C., 


October 15, 1930. 
2 Supervising Chemist, Sewer Department, Worcester, Mass. 
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twenty-four-hour period are vital factors in the successful operation of a 
municipal sewage treatment plant. 

Sometimes the combination of two industrial wastes in the sewage re- 
sults in increased difficulties of operation. The proper control of the 
quantities of these wastes may sometimes be advantageous. Maintenance 
of proper control is theoretically possible with perfect codperation; other- 
wise convenience of operation of industry becomes the controlling factor, 
even though plant operation is made more difficult. Lack of effective 
municipal ordinances, precedent and politics, any one or all three, may re- 
sult in placing a burden upon the municipal sewage treatment plant in the 
handling of industrial wastes which vitally affect its efficiency and period 
of operation. 

A directory of manufacturing establishments in Worcester, Massa- 
chusetts, recently compiled by the industrial bureau of the Chamber of 
Commerce, contains the names of about 2600 plants, which employ about 
35,000 workers, who receive almost $50,000,000 in wages annually. The 
total value of the products averages more than $200,000,000 yearly. These 
plants represent a total capital investment of approximately $190,000,000. 

The industrial wastes in the sewage of the City of Worcester with which 
the sewage treatment plant must contend include foundry sand, spent 
dye liquors, oil and grease, spent acid or ferrous sulphate from the wire 
industry and lime wastes from a large tannery. The last two wastes are 
present in such large quantities as to make the presence of all others seem 
small in comparison. The accumulation of grease is greatly increased 
following storms, some 35 per cent of the sewer system being on the com- 
bined plan. 

Foundry sand tends to pass through the grit chambers and is found in 
the side channels of the Imhoff tanks. In the old plant, the sand was 
found in the settling tanks. The proper place to intercept such material 
is at its source so that it will not wash into the sewers. No Imhoff tanks 
have been cleaned out; therefore, the quantity and effect of this material 
in the sludge compartments has not been ascertained. 

Dye liquors color the Imhoff tank effluent. Trickling filters ten feet 
deep, operating at a rate of 1.5 million gallons per acre per day, remove 
this color. 

Oil and grease are the wastes most difficult to handle. When such wastes 
are present the appearance of the surface of the sewage in the Imhoff tanks 
or in the settling tanks is unsightly. To maintain a clear appearance of 
the sewage in a large plant is a considerable expense, yet the plant visitor 
little realizes this and goes away with an unfavorable impression, even 
though the remainder of the plant be of excellent appearance. 

Much of the grease in Worcester sewage comes from a slaughter house 
andatannery. Fortunately, most of this material passes to the end of the 
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influent channel of the Imhoff tanks and enters the last two sedimentation 
compartments of the last tank in each battery. Here it is cleaned of much 
sewage matter by using a water stream under considerable pressure, re- 
moved twice each month with perforated skimmers and carried by water 
in a trough and pipe line to small sand beds. Excessive accumulation of 
grease on the sewage in these two tanks is one source of odor from the 
Imhoff tanks. The second source of odor will be mentioned later. Control 
of the odor nuisance due to grease is merely one of dollars and cents. The 
remaining ten tanks are cleaned only once or twice a year by running the 
surface water into the last tank of the battery, by way of the effluent chan- 
nels. 

Approximately twice a year the grease on the sand beds is burned. 
There is some smoke nuisance, which persists for only a few hours. These 
beds are unsightly and ultimately some improvement will be made in the 
disposal of grease. A local rendering company carried away the grease 
only one day and claimed injury to its product. The yearly removal of 
skimmings amounts to from 9000 to 10,000 cubic feet and costs about $500. 
While the appearance of the tanks is not so good as desired, the improvement 
is commensurate with the cost. 

The lime wastes from the tannery are the source of the second disagree- 
able odor which can be detected at certain times at the Imhoff tanks. 
These wastes, like the iron wastes, are received in so-called doses. The 
odor is carried by the Imhoff tank effluent to the dosing tanks and to the 
nozzles of the trickling filters. 

The lime wastes and acid iron-pickling wastes present a difficult operat- 
ing problem owing to precipitation of the iron in the sewers or the Imhoff 
tanks and consequent increase in sludge accumulation. This condition 
does not directly affect the appearance of the tanks in normal operation 
and is noticeable only at certain times. It entirely escapes the casual 
observer. 

Sludge must be drawn frequently and in large quantities in order that 
the Imhoff tanks may operate efficiently for clarification of sewage. Until 
the present business depression, it has been necessary to draw from 1.5 
to 2.0 million gallons of sludge, containing from 6 to 7 per cent dry solids, 
during each month, except the first two, since the plant was placed in 
operation. During June and July, 1930, the quantity decreased to 1.35 
million gallons each month and in August to 0.5 million gallon; the per- 
centage dry solids increased to 7.6. This sludge is dried upon the drying 
beds during the summer season and drawn into a lagoon during the winter. 

It is apparent that the presence of these two industrial wastes in the 
sewage places an abnormal load upon the sludge compartments of the 
tanks. Close attention is required to maintain a maximum amount of 
sludge in the lower compartments without fouling the slots. Precipita- 
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tion of iron does not always take place. . Under such conditions efficient 
sedimentation of the floc does not occur, resulting in a tank effluent which 
contains an excessive quantity of suspended solids. 

The iron (Fe) content of the sewage, in monthly averages of composite 
samples, varies from 35 to 70 parts per million; a maximum of 110 has been 
obtained. The yearly average varies from 50 to 60 parts per million. 
[he iron content of separate doses commonly varies from 125 to 250 parts 
per million, while a maximum quantity of 1302 parts per million was treated 
in a 70-minute period at the old plant. 

The presence of the lime and iron wastes in the sewage apparently has 
no serious ill effect upon the digestion of sludge in the Imhoff tanks during 
the summer season. While the pH value of the sewage varies widely and 
rapidly, as, for example, from 3.2 to 9.6 within 30 minutes, the fresh sludge 
generally has a pH value of 6.6 to 6.8 and the digested sludge, 6.8 or 6.9. 
Sludge having a maximum organic content of 55 per cent has been drawn 
during the late winter months, a condition which is probably due, to a 
great extent, to the low temperature prevailing in the digestion compart- 
ments. 

If either one of these major industrial wastes were to be removed from 
the sewage, the effect upon Imhoff tank operation would be problematical. 
Reduction of quantity of both wastes, but maintenance of a constant 
average pH value in the sewage, should result in a better tank effluent, 
much less sludge to care for and the probability of more thoroughly digested 
sludge. 

The Imhoff tank effluent, which is treated by trickling filters, generally 
contains from 25 to 50 parts per million of iron (Fe), the yearly average 
varying from 30 to 35 parts. During five years of filter operation there 
have been no evidences of abnormal clogging of the filter material. Analy- 
ses indicate a reduction of about 25 per cent of iron and an apparent 
storage in the filters. It is difficult to obtain a fair sample of the filter 
effluent, on account of its large content of suspended iron floc. This is 
especially true during unloading periods. My opinion is that storage of 
iron is not so great as analysis seems to indicate. -A storage of from 7 to 
8 parts per million of iron each year for five years represents from 70 to 80 
tons of iron per acre of filter. 

If the lime wastes were not present in the sewage, what effect would the 
doses of acid iron wastes have upon the efficiency of the trickling filters? 
Experimental trickling filters of small-sized stone were successfully operated 
from 1911 to 1913, treating an Imhoff tank effluent containing an average 
of about 31 parts per million of iron. At that time there were no lime 
wastes in the sewage. The reduction of iron averaged 60 per cent. The 
experimental filters treated about one-third more tank effluent per unit 
area than the plant filters, with equally as good nitrification as that ob- 
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tained in the present plant, until the summer of 1930. There is no reason 
to believe that the efficiency of the filters in the present plant would be 
seriously affected if the lime wastes were removed from the sewage. 

Elimination or material reduction of the quantity of these major wastes, 
as represented by Sunday samples, has resulted in a marked increase of the 
nitrate content of the filter effluent. It is interesting to note that under 
operating conditions of the past summer (1930), this 50 per cent increase 
of nitrates has been reduced one-half or less and that ‘results equal to the 
former Sunday results have been obtained on week-days during much of 
the time. The average pH value of the filter influent has dropped from 
6.8 to 6.6 and the rate of filter operation has been almost the same as 
during the summer of 1929. 

The quantity of sludge from the final settling tanks is greatly increased 
by precipitation of iron in the filters. The sludge is pumped to drying 
beds, where the solids settle rapidly, leaving a large amount of water on 
top which must evaporate before the sludge will dry. Accumulation of 
sludge in the Imhoff tanks under norma! conditions is sufficiently rapid 
to preclude any attempt to pump humus sludge into these tanks. 

Air drying of an excessive accumulation of sludge from final settling 
tanks presents an operation problem which requires as an essential of 
success the drawing of a concentrated sludge to the drying beds. Suffi- 
cient drying-bed area must be provided to keep the final settling tanks 
reasonably free from sludge. If sludge is drawn too deeply on a drying 
bed, odors may become a source of nuisance. The dried sludge must be 
removed from the beds at the earliest possible moment, for, if this is not 
done, the dry top sludge will blow about the plant and become a nuisance 
and actual removal of the sludge will become very disagreeable work. 

Operation of sewage treatment plants generally suggests alterations or 
additions which improve results of sewage treatment, make for greater 
ease of operation, keep down maintenance cost and, in some instances, 
actually reduce operation costs. Such possibilities usually occur in large 
plants treating sewage containing industrial wastes. 

Industrial wastes in Worcester sewage place a heavy load upon the 
sewage treatment plant which is being successfully handled. The final 
effluent is completely stable except during a period of about ten weeks in 
mid-winter. The cost of plant operation, exclusive of any fixed charges, 
amounts to about 26 cents per capita per year. It is very difficult to deter- 
mine the increased expense of plant operation due to the industrial wastes 
contained in the sewage. Sludge disposal in 1929 costs approximately $15,- 
000 or nearly 30 per cent of the entire operating expense. It is pleasing 
to note that present operating results indicate no permanent plant deteri- 
oration due to the industrial wastes now in the sewage. 

There is a tendency, in the construction of medium and small municipal 
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sewage treatment plants, to adopt the settling tank and separate sludge- 
digestion method of treatment. Where a final plant effluent of excellent 
quality is desired the activated-sludge method of sewage treatment is 
much favored. For that reason a brief statement of the results of ac- 
tivated-sludge treatment of Worcester sewage, with its large industrial 
waste content, may be of particular interest. 

An experimental plant, treating from 75,000 to 125,000 gallons of sew- 
age per 24 hours, was operated from July 6, 1917, to August 15, 1918. 
The excessive doses of lime wastes were not in the sewage at that time. 
The iron (Fe) content of weekly and monthly composite samples of sew- 
age varied from 21.8 to 62.3 parts per million, the general range being from 
{5 to 55 parts per million. 

The nitrogen as nitrate content of the effluent never exceeded 0.84 part 
per million. When sufficient quantities of air were used, together with 
suitable periods of aeration, the effluent was colorless, almost completely 
stable and contained from 2.5 to 7.0 parts per million of iron. The sus- 
pended solids content of the effluent usually varied from 15 to 40 parts per 
million and never exceeded 81 parts. Stability of effluent was obtained by 
oxidation of the soluble and suspended organic matters in the sewage and 
excellent clarification of the aerated sewage. The reductions of soluble 
and suspended organic matters, based on albuminoid ammonia determina- 
tions, were greater than 70 and 90 per cent, respectively. Sewage of aver- 
age strength was treated with 5 cubic feet of free air per gallon; the sewage 
was aerated 6.3 hours; the sludge was re-aerated 5.1 hours and 27.4 per 
cent of sludge was returned to sewage when the best results were obtained. 

A report upon the operation of the plant was made in 1919 by the writer, 
upon his return to the department, which contained the following state- 
ment: “If an average stability (referring to the effluent) greater than 90 
per cent is desired, the results of operation indicate that strong sewage will 
have to be aerated at least 6.5 hours with a total quantity of about 4 cubic 
feet of free air per gallon, the sludge re-aerated for about 6 hours and the 
quantity returned to the sewage should be slightly more than 25 per cent 
of the sewage flow.” 

An interesting condition noticed when the effluent was very well clarified, 
but the organic content of the sewage had not been sufficiently reduced 
owing to inadequate treatment, was the appearance of colored and turbid 
effluents. Such conditions were due to doses of industrial wastes contained 
in the sewage. 

According to the prevailing conditions at that time the present 
method of treatment was selected because of its efficiency and much 
lower estimated cost of operation, as compared with the activated- 
sludge method. 

The sewage treatment plant at Worcester is operated under the direction 
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of the Superintendent of Sewers, Mr. John H. Brooks, Jr. The writer has 
been in immediate charge of sewage treatment for some years. 


Effect of Industrial Wastes on the Operation of Municipal Sewage 
Treatment Plants! 


Mr. Sherman Chase: Mr. Chase of Metcalf & Eddy, Boston, Mass., 
stated that a rubber-reclaiming plant at Akron, Ohio, discharged industrial 
wastes, consisting largely of cellulose, into the municipal sewers so that 50 
tons of solids on a dry basis reached the treatment plant each day, whereas 
the design of the tanks allowed for 25 tons of solids on a dry basis. This 
serious overloading of a sewage treatment plant costing $1,800,000 was 
remedied by treatment of the industrial wastes. 

Mr. Chase also stated that at Fostoria, Ohio, with a population of 12,000 
and a sewage flow of 1.5 to 2.0 m. g. d., the sewage treatment plant, consist- 
ing of Imhoff tanks and trickling filters, was out of commission because of 
the discharge of acid iron wastes from a wire mill and carbon breeze from a 
carbon company in the city. The digestion chamber of the Imhoff tanks 
became filled with inorganic solids, which prevented the digestion of the 
sewage solids. The tank effluent contained iron, which precipitated on 
the trickling filter and solidified into a hard film containing 25 or 30 per 
cent iron. Consulting engineers concluded that three remedies were pos- 
sible: (1) for the city to build an independent waste treatment plant; (2) 
for the city to pass ordinances requiring separate treatment of industrial 
wastes; (3) for the exclusion of industrial wastes from the sanitary sewers. 
The second procedure was adopted. The carbon company has enlarged 
existing sedimentation tanks to improve the removal of carbon from its 
wastes, and the wire mill has built a large storage reservoir for sedimenta- 
tion purposes. 

Mr. H. H. Wagenhals: Mr. Wagenhals briefly noted the serious inter- 
ference with sewage treatment at Gloversville, due to the discharge of oil 
from tanneries in the city. 

Mr. C. R. Cox: The serious effect of the discharge of about 50,000 
gallons of wastes per day from three canneries in the village of Holley, 
N. Y., was discussed. These industrial wastes increased the B. O. D. of 
the influent to eight times the average B. O. D. of domestic sewage, thus 
increasing about eight times the load on the treatment plant which was 
designed for a population of 2280, or about 1/5 the actual equivalent popu- 
lation represented by the industrial wastes. 

A similar experience at Fredonia, N. Y., indicated that the discharge 

1 Round Table Discussion at the Second Annual Meeting of the New York State Sewage 
Works Association, Albany, N. Y., May 10, 1930. 
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of 130,000 gallons of cannery wastes per day was equivalent to 1,600,000 
gallons of sewage, which is 2.8 times the actual sewage flow. This sewage 
treatment plant, therefore, receives during the summer months about three 
times the anticipated loading. 

Mr. H. B. Cleveland: Mr. Cleveland emphasized the importance of 
municipalities retaining the services of the designing engineer to help solve 
operating difficulties. He expressed the opinion that it is best for the 
municipality to treat a mixture of sewage and industrial wastes rather than 
to require the separate treatment of industrial wastes. Mr. Sherman Chase 
expressed the opinion, however, that each case should be solved on its own 
merits and that city ordinances should be passed to permit the exclusion 
of harmful industrial wastes from municipal sewers, if deemed advisable. 

Mr. Isadore Mendelsohn: Mr. Mendelsohn also emphasized the impor- 
tance of retaining the services of the consulting engineers to help solve 
operating problems and that such was being required by many state de- 
partments of health when plans for sewage treatment plants were approved. 
He also indicated that it is feasible to charge the industry for the increased 
cost of operation of municipal sewage treatment plants incidental to the 
discharge of industrial wastes into the sewers. 

Mr. C. A. Holmquist: Mr. Holmquist stated that sewer rental laws 
may be extended to cover the cost of treatment of industrial wastes, 
whereby industries would be taxed separately for any undue burden im- 
posed upon municipal sewage treatment plants. 
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Garage Wastes! 


By JOHN F. SKINNER? 


Everybody knows the problem. Every city and village has it. Laws 
and ordinances are few. 

The speaker had occasion to inquire what law or regulation of the State 
or State Health Department could be invoked to keep fuel oil, machine 
shop and garage wastes out of a new village sewage disposal plant. 

Mr. Holmquist answered under date of January 31, 1930: ‘‘There is no 
specific regulation covering the discharge of such wastes into sewer sys- 
tems or disposal plants.’’ He indicated that control would have to be 
effected under the Health Commissioner’s permit ‘‘that only sanitary or 
domestic sewage shall be admitted to the proposed sewage treatment 
works.” 

The City of Rochester has no ordinance prohibiting the discharge of 
such wastes into the sewers, provided the sewers are not obstructed or 
damaged. 

In the 80's a naphtha pipe line from the Vacuum Oil plant to a gas com- 
pany’s plant in Rochester was broken under the Pennsylvania Railway 
tracks and discharged into a sewer, which blew up about a mile and a half 
down stream. Two stone mills were burned and two men killed. 

A few years ago a large tank was constructed below ground of cement 
blocks, with the intention of holding heavy road oil. The oil leaked into 
the ground, into the sanitary sewers and eventually found its way to the 
Brighton District sewage disposal plant. Fortunately, it did not reach 
the trickling filters, but settled into the sludge compartments of the Imhoff 
tank, putting it out of business for six months, as all sludge had to be drawn 
and the tanks re-seeded. Several miles of sewers also had to be flushed out 
from manhole to manhole. 

It is not uncommon to see oily waste on the surface of primary tanks. 
When this is gray in color, entangles fecal wastes and gives off the fetid odor 
of undigested sludge, it may cause a nuisance depending upon the exposure. 
Skimming and hosing and efficient scum boards are then necessary. Where 
fine garbage is also found in this floating matter, a fine screen ahead of the 
tank is indicated. Plants at Batavia and East Rochester have been 
troubled in this manner. At Batavia garbage has appeared in the scum. 
At East Rochester this is obviated by a revolving screen. 

A survey of conditions has been made in Washington, D. C. The 
original report is dated November 18, 1928, and is signed by J. B. Gordon, 
Sanitary Engineer. Conclusions are drawn from this in a report of the 


1 Round Table Discussion, New York State Sewage Works Association, September 13, 


1930. 
2 Sanitary Engineer, City of Rochester, N. Y. 
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engineering department dated February 25, 1929. The following figures 
for the year 1928 do not include automobiles owned and operated by the 
District of Columbia or the U. S. Government: 








150,522 





Motor vehicle licenses issued 






Motor vehicle in use (approximate) 119,200 
Estimated gallons of crank case oil each 16.4 
Estimated gallons of crank case oil each withdrawn 6.3 
Estimated gallons of crank case oil waste 752,000 









About 43 per cent of the owners have expressed a desire for free collec- 





tion of waste oil. 

The U. S. Bureau of Standards has reported that recovered oil may be 
re-refined and rendered as good as new. It may be used anywhere that 
oil of like viscosity is required. Various processes of recovery are in use, 
including cleansing earth, chemical compounds, centrifuging and distilla- 






tion. 

Forty-six cities replied to a questionnaire sent out by the City of Wash- 
ington and are quoted in the report. The replies indicated that 70 per 
cent of the cities have prohibitive ordinances, 65 per cent have trouble from 
oil in sewers, 50 per cent allow commercial concerns to collect, in part, 
3. per cent have had explosions and fires, and 7 per cent have instituted 








collection of oil. 
Answers of the nine following cities may be cited: 
7 oronto—Collection by the five largest oil companies. 
Winnipeg—Waste is stored in small drums and removed by the oil 







companies. 
Copenhagen—Gasoline is separate from the oil. 
Paris—Oils are distilled and re-used. 
Baltimore—Waste oil is collected by contract. 
Boston—Reports are filed when accidents occur. 
Milwaukee—Collections are made in tank wagons and garbage is burned 
with the oil. Ordinances to keep oil out of sewers are non-enforceable. 
Syracuse—Accumulations at the treatment plant cause difficulties. 
Rochester—Waste oil collected is used at the airport in laying dust. 
The following are suggested uses for oil wastes: burning dumps of gar- 
bage and refuse, fuel oil, mosquito control, road oil and re-refining for 










lubricating oil. 

One man suggests combining this problem with that of the disposal of 
abandoned motor vehicles. He would provide a derrick truck, lift old 
automobile bodies on to the road, run over them and flatten them with a 
tractor, hoist them on to a truck and transport them to the point of dis- 
posal where they will be sheared into sizes which may be received by an 
oil-fired furnace. When melted down, window weights or other rough 
castings will be the final product. This project has the merit of making 
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the waste oil of the present machines reduce the wrecks of the preceding 
generation instead of leaving them to posterity. 

If collection of wastes is made it should preferably be performed by the 
municipality, for, if by contract, the larger places will be served and the 
smaller sources may be neglected. Although more expensive to handle, 
the smaller places, in the aggregate, account for a large amount of waste. 

The following is suggested as a logical, reasonable and economical 
solution: 

First, provide ordinances requiring that such dangerous and trouble- 
some waste be kept out of sewers and disposal plants, and prohibiting the 
connection of garage pits to the sewers. 

Second, have the municipality collect free and without payment to the 
owner all waste (not otherwise removed) by sucking into tank wagons at 
reasonable intervals. 

Third, provide that the waste thus collected becomes the property of 
the municipality to be disposed of in the most profitable manner, depend- 
ing upon local conditions. 

In many cases, this service will pay for itself. 


Separation of Oil from Waste Waters by an Electrical Method. F. J. 
Bowers, S. J. LATHROF AND W. Poratsik. U.S. P. 1,746,964; Chem. 
Zb1., 1930, 2, 2556. Fatty matter was easily separated from the surface 
of the waste water in a thick coherent layer and was passed through an 
apparatus consisting of a series of pipes. In these pipes were inserted 
copper rods serving as anodes and cathodes. When a current was 
passed through the apparatus the oil immediately began to separate on 
the anodes.—Abs. No. 346, British Summary of Current Literature, 
Water Pollution Research, Vol. IV, 3 (March, 1931). 
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Garage Wastes! 
By EDWARD WRIGHT? 


This has always been a timely subject in the Boston Metropolitan Dis- 
trict, especially since June 1, 1914, when the East Boston sewage pumping 
station of the Metropolitan District Commission was destroyed by an 
explosion of gasoline, resulting in the death of six men and the serious injury 
of at least three others. 

The investigation of this disaster, carried on largely by Mr. H. W. Clark, 
Chemist of the Department of Public Health, showed that explosive mix- 
tures were present in the air in the sewers tributary to this pumping station, 
especially in the main sewer from East Boston, where there was then a large 
oil storage plant. 

This explosion is described in the Engineering Record of November 21, 
1914, and the investigation as to the explosive mixtures was described in 
the Engineering Record of December 5, 1914. Of 22 samples of sewer air 
taken from an elevation just above the flow line, in various manholes on 
the sewer lines tributary to this pumping station, various explosive mix- 
tures were found. All of the samples from the East Boston Metropolitan 
sewer, with two exceptions, were highly explosive. 

As a result of this disaster the pumping station was reconstructed and a 
system of forced ventilation installed, but perhaps the more important 
result was the adoption of rules and regulations by the Massachusetts 
Department of Public Safety, the Metropolitan District Commission and 
the Department of Public Works of the city of Boston relative to the es- 
tablishment of suitable traps on the sewer lines from all garages and other 
establishments where gasoline is used. 

Section 26 of the Massachusetts Department of Public Safety rules and 
regulations, as found in Form X, requires the installation of traps having 
a storage capacity of at least 35 cubic feet, with an outlet extending from 
a point two feet above the bottom of the trap and a water seal of not less 
than two feet. The outlet pipe is required to be properly ventilated to 
prevent siphonage. The sump below the entrance to the outlet pipe is for 
catching sand and grit, and it is required that the basins or traps shall be 
freely ventilated by connection with the outer air. The regulation pro- 
vides that the traps or basins can be made of metal or masonry and they 
can be placed either inside or outside the building. Another requirement 
provides for frequent cleaning and for the disposal of grease and oil in a safe 
manner. The penalty is a revocation of the garage license. 

Drawings for gasoline and sand traps can be obtained from the Public 


1 Read at New England Sewage Works Association, October 15, 1930, Fitchburg, 


Mass. 
2 Associate Sanitary Engineer, Massachusetts Department of Public Health. 
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Works Department of the City of Boston, Sewer Service Division. Those 
for garages containing ten or less automobiles have a diameter of 3.5 feet 
and a depth below the flow line of 4.33 feet, while those for garages contain- 
ing more than ten automobiles are 5.67 feet by 6.33 feet in plan over-all, 
with a depth below the flow line of 6 feet. These latter traps are provided 
with a baffle on the inlet end with a clear opening of 2.67 feet on the bottom. 

Another state requirement is in the standard rules and regulations 
for plumbing, Section 8, which provides that every building in which 
gasoline, naphtha or other inflammable compounds are used for business 
purposes shall be provided with a special trap or separator, so designed as 
to prevent the passage of oils or gases into the sewer, and shall be ventilated 
with a separate pipe to a point 3 feet above the roof. The waste of every 
washstand for vehicles shall be provided with catch basin so designed that 
sand cannot pass into the drain. 

While these latter rules and regulations have been adopted in most 
of the cities and larger towns of the state, they have not been adopted in 
the smaller towns because there is no state law requiring standard rules 
and regulations on plumbing except on request of the municipality. One 
hundred and three municipalities have adopted plumbing rules and regu- 
lations. The rules in each instance require approval by the State Depart- 
ment of Public Health, and the standard rules have recently been approved 
for several municipalities. 

The danger of discharging lighter volatile oil into the sewers, whether 
the sewage is treated or disposed of by dilution, is obvious. Comparatively 
little difficulty has been experienced in this state with oily wastes at sew- 
age disposal works other than at Moon Island, Worcester and Fitchburg, 
with traces of oil now and then at Framingham and Spencer. It does 
not appear to have been the problem that it has been in some of the Cali- 
fornia sewage disposal works, such as the plant at Pasadena, which the 
writer visited a year ago. Here the sewage was entirely covered with 
a thick film of heavy oil and a skimming basin was then being designed to 
remove the oil. 

Mr. John F. Skinner, Sanitary Engineer of Rochester, N. Y., in his article 
at the Fall Meeting of the New York State Sewage Works Association, makes 
reference to various uses of spent crank-case oil, such as in burning gar- 
bage and refuse at dumps, as road oil and—after refining—as use for fuel 
oil. So far as the writer’s knowledge is concerned, no such general use has 
been made in Massachusetts. Mr. Skinner also refers to the use of this oil 
for mosquito control work. This has been tried in many places but with 
comparatively little success, for certain reasons, particularly because no 
suitable storage plants have been provided, with the result that when the 
demand was greatest there was no supply, and more particularly because of 
the fact that crank-case oil is rather too heavy to be used with much success 











VoL. 3, No. 2 GARAGE WASTES 289 





for this purpose. In New Jersey, however, considerable use has been made 
of spent crank-case oil in mosquito control work, provision having been 
made for storing this oil and for cutting it with lighter oil. In at least one 
instance it is collected by a large oil company, cleaned and used for this 


purpose. 


Solving the Oil Waste Problem of a Large Machine Shop. G. W. 
Woops. The Hughes Tool Company of Houston, Texas, has had the 
problem of disposing of a cutting fluid prepared from one volume of oil 
and eight volumes of water. The oil emulsion is used for cooling and 
lubricating cutting tools. It becomes contaminated with metal par- 
ticles and organic matter, which cause it to become rancid. 

For a number of years the emulsion was discharged into a bayou; 
later, into the city sewers. The waste caused serious trouble at the 
Houston activated-sludge plant. By codperative work between the 
Hughes Tool Company and Mr. W. S. Stanley, chemist at the sewage 
treatment plant, a method was found for clarifying the waste. About 
1000 gallons of the waste are pumped into a rectangular tank and 
treated with 10 to 15 pounds of hydrated lime. The mixture is agitated 
by means of air blown through perforated pipes at the bottom of the tank. 
Next a solution of 25 pounds of aluminum sulphate in 25 gallons of water 
is fed into the tank, with continuous aeration, for about 15 minutes. In 
a short time the oil separates and, with a part of the aluminum hydroxide 
precipitate, floats to the surface. The remainder of the floc sinks to the 
bottom of the tank. The oily surface floc is drawn off and allowed to 
stand until the separated oil can be burned. It may be possible to re- 
cover the oil by heating it and filtering out the soaps and insoluble par- 
ticles. If the oil can be reclaimed the saving will more than pay for the 
cost of the disposal of the cutting compound. 

The settled floc and the supernatant liquid, below the surface scum, 
are drawn off and drained on a sand filter. The effluent is discharged 
into the city sewer.—Municipal Sanitation, 1, 397 (July, 1930). 
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Activated-Sludge Research at Milwaukee and London 


Investigations of different phases of the activated-sludge process have 
recently been made at Milwaukee and London, the results of which have 
been published in journals not ordinarily available to the American 
sanitary engineer. Fairly complete abstracts of both papers appear in 
this issue (pages 321 and 315). Although somewhat different in scope, 
both investigations included, among other objectives, a study of means 
for shortening the time required for aeration of sewage in the activated- 
sludge process. 

In the Milwaukee experiments the investigators claim they have dis- 
covered the active biological agents responsible for clarification and 
stabilization of sewage. They infer that, by the cultivation of these 
organisms (protozoa), it may be possible to introduce cultures into sludge 
as needed and thus to speed up the process, or at least to maintain maxi- 
mum efficiency at all times. 

In the London experiments, the well-known Haworth paddle-wheel- 
channel method of mechanical aeration was modified by the addition of a 
little air and by reaeration of sludge, and it was believed that these changes 
were responsible for accelerating the rate of treatment from 120,000 to 
300,000 gallons per day. Diffused-air tests indicated to the author that 
only 80,000 gallons could be treated per day. The comparison was stated 
to be on the basis of equal tank capacity for the treatment of settled 
sewage. One must therefore infer that the improvement effected, as 
described briefly in the abstract, resulted in an almost four-fold increase 
in capacity or, inversely, in reducing the detention period to about one- 
fourth that required with diffused-air aeration. This is an astonishing 
claim, unsupported by adequate data. Further information is certainly 
necessary to make these claims convincing. 

Mr. Cramer’s work at Milwaukee was undertaken in collaboration with 
Dr. John Arthur Wilson, who has also published a brief reference to the 
results of the work on protozoa (Industrial and Engineering Chemistry, 
23, 442 (April, 1931)). Dr. Wilson and Mr. Cramer formerly con- 
sidered the mechanism of purification by activated sludge to be primarily 
chemical. On the basis of previous experimental work, they stated, in 
1928, that it was generally thought that bacteria, or other living organisms, 
are essential to the building-up of activated sludge, but that experiments 
conducted at the Milwaukee plant indicated otherwise. The experiments 











VoL. 3, No. 2 EDITORIAL 291 





seemed to prove to them at that time that the action was not a biological 
but a chemical one, involving oxidation. Now, on the basis of more 
recent work, Mr. Cramer concludes that protozoa are the effective agents 
in the action of activated sludge, and Dr. Wilson states that this is the 
first time that protozoa have been shown to be responsible for purification 
by the activated-sludge process. 

As yet only the results of laboratory-scale experiments have been 
reported, but it is understood that larger-scale experiments were made. 
It is to be hoped that the results of these experiments may soon be pub- 
lished in order that other investigators may learn whether more evidence 
has been accumulated to substantiate the new theory than the results 
of the semi-qualitative experiments described in Mr. Cramer’s paper. 
Analyses of sewages and effluents were not reported, results being stated 
rather loosely as ‘‘caused clarification,’ ‘‘neither clarified nor became 
septic’ and ‘clarified in 10 days.’ These criteria are hardly as con- 
vincing as actual analyses of the various effluents. 

Dr. Ardern has reported the results of carefully controlled experiments 
on the réle of protozoa in activated sludge, and concluded that protozoa 
play no important part in the process of purification, although he thought 
it possible that they facilitate the production of a more highly clarified 
effluent. Other investigators have usually reached the same conclusions 
as Dr. Ardern. 

In view of this divergence of opinion, it is clear that further investigation 
is necessary before the most recent Milwaukee theory can be accepted. 
If it can be shown experimentally, however, that the addition of protozoa 
from culture tanks results in more rapid purification, as compared with 
control tests in which the same amounts of sludge are used without artificial 
cultivation of protozoa, the results may have practical significance. It 
must also be demonstrated whether or not it will be possible to settle the 
inoculated sludge in the final settling tanks. 

The use of larger amounts of solids in the aeration tanks results in more 
rapid purification, as was shown by Harris, Cockburn and Anderson, 
some years ago, but this result does not necessarily indicate that increased 
numbers of protozoa are responsible for the more rapid purification, as 
suggested by Dr. Wilson, but may also be ascribed to increased numbers 
of bacteria or to increased surfaces of the sludge flocs. 

The results so far reported from Milwaukee are of great interest to other 
investigators and will undoubtedly lead to research at other places in an 
attempt to derive practical benefits from the Milwaukee observations. 

The London work has been reported with no accompanying data, but 
one of the collaborators would have us believe that such data might have 
obscured the ‘‘Gallic clarity’”’ and continuity of the paper. This is rather 
a novel idea. Most readers would be willing to sacrifice a little of the 
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continuity and Gallic clarity if adequate and convincing analyses and 
operating results had been reported. The discussion of the paper indicates 
that all of the conclusions may not be accepted unreservedly in England. 


German Sewage Works Association 


A sewage works association is being organized in Germany by a group 
of the leading sanitary engineers of that country. An advance notice of 
this intention has been sent out by a committee, most of whose members 
are well known to American engineers and chemists engaged in sewage 
work. The committee consists of Messrs. Imhoff, Helbing, Priiss, Lang- 
bein, Mahr, Heilmann, Thumm, Krawinkel and Hanffstengel. The first 
seven are well known to sanitary engineers and chemists in America and 
the first four made an extended visit in this country two or three years ago. 
The list includes the leading engineers in sewage treatment work in Ger- 
many. The prestige of their names and reputations indicates that the 
association will be representative and successful. 

The association will be organized primarily from the membership of the 
German Association for Construction Work (Bauwesen). Members of 
other German societies who may be engaged in sewage work must join as 
associate members. 

The notice has been sent to engineers, chemists, physicians and city 
officials throughout Germany. 

One of the aims of the association is to establish relations with foreign 
associations of similar character, with regard to exchange of information 
and, possibly, of publications. 

This announcement is of interest to members of the American Federation 
of Sewage Works Associations as it indicates that there is appreciation in 
Germany of the need which led to the amalgamation of our various local 
sewage works associations into our National Federation. Further informa- 
tion regarding the progress of the German association will be of interest. 

















Proceedings of Local Associations 














MEMBERS OF FEDERATION* AS OF DECEMBER 31, 1930 


Arizona Sewage Works Association 


Miss Jane H. Rider, Secretary-Treasurer, Director, State Laboratory, Tucson, Arizona 





Borquist, E. S. 
Grove, George T. 
Hall, Hilliard D. 
Jamieson, W. J. 
Jones, A. N. 
Kline, A. J. 


Marx, George 
Morse, S. M. 
Rider, Jane H. 
Stallings, R. E. 
Tillotson, M. R. 
Travaini, Dario 


Davenport, George L.—California 


California Sewage Works Association 


Edward A. Reinke, Secretary-Treasurer, 101 Civil Engineering Bldg., Berkeley, Calif. 


Adams, Walter H. 
Albers, J. C. 

Allen, George H. 
Allen, Wm. A. 
Antonacci, Michael H. 
Banta, A. Perry 
Barzellotti, L. F. (deceased) 
Batty, Frederic A. 
Beale, Edward W. 
Bedesen, W. E. 
Bell, Alexander 
Berryhill, R. M. 
Beyer, A. C. 
Bishop, H. N. 
Blakely, J. F. 
Blood, Chas. R. 
Bolton, H. R. 
Bothwell, M. B. 
Bowen, M. R. 
Bowlus, Fred D. 
Boyd, Geo. H. 
Boyd, O. R. 
Brown, Ralph E. 
Brown, Robert F. 
Burgess, Raymond 
Burt, Austin 


Byxbee, J. F. 

Castello, W. O. 
Chandler, W. W. 
Christensen, M. L. 
Chutter, H. W. 

Clark, Baylis . 

Clatk, J. A. 

Clarkson, Jr., Edward H. 
Clay Products Institute of Calif. 
Collins, A. Preston 
Collins, W. H. 
Compton, C. R. 

Cook, Lawrence H 
Crist, Marion L. 
Cunanne, T. E. 

Currie, Frank S. 
Daley, Albert C. 
Darwin, A. Gilbert 
Davies, Donald 
DeCosta, J. D. 
DeLancey, Edward F. 
DeMartini, Frank E. 
Deming Company, The 
Donaldson, D. 
Eastman, T. F. 
Ellinger, Morris 


* Note: All members are located in the states of which they are members except as 
otherwise noted at the end of each local association. 
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Faulkner, J. D. 
Ferguson, E. R. 
Flannery, Harold J. 
Foreman, Merle S. 
Foster, F. F. 
Foster, William Floyd 
Froehde, F. C. 
Froerer, Carl 
Fullerton, City of 
sadsby, L. H. 
Garrett, Henry 
Gierlich, O. A. 
yillespie, C. G- 
Gladding, Augustus L. 
Goodridge, Harry 
Goudey, R. F. 
Graham, E. W. 
Graham, Glenn 
Gray, Harold F. 
Grunsky, C. E. 
Grunsky, Eugene L. 
Gwynn, C. H. 

Hall, Horace C. 
Hammerly, F. V 
Hapgood, E. P. 
Haseltine, T. R. 
Helgren, E. J. 
Hilton, Elton M. 
Hogan, W. B. 
Hommon, H. B. 
Hoskinson, Carl M 
Hume, H. H. 
Hyde, Charles Gilman 
Hydraulic Engineering 
Ingmire, S. 

Irwin, L. Wesley 
Jacobson, John 
Jacobson, Sam 
Jencks, W. L. 
Jenks, Harry N. 
Jensen, Andrew M. 
Jessup, J. J. 

Jewell, H. W. 
Jewett, Herbert 
Johnannsen, John F 
Jones, Thos. P. B. 
Jucksch, Harry H. 
Kaddy, J. L. 

Kelly, Earl M. 
Kempkey, A. 
Kennedy, C. C. 
Kinkead, J. A. 
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Kivari, A. M. 
Knowlton, W. T. 
Koebig & Koebig 
Langelier, W. F. 
Lee, Charles H. 
Leeds, Charles T. 
Linton, Robert 
Lippincott Company, J. B. 
Lockwood, F. M. 
Loucks, R. L. 
Luippold, G. T. 
Marx, Charles D. 
McBride, J. W. 
McMillan, Donald C. 
Miller, John O. 
Mitchell, John A. 
Mueller, B. W. 
Munson, Laura A. 
Mushen, S. A. 
North Palo Alto Sanitary Dist. 
Ohlson, Lyle R. 
Ojai, City of 
Olsen, L. F. 
Palmer, Harold K. 
Pardee, B. J. 
Pax,C. J. 

Parkes, G. A. 
Parkes, Hugh W. 
Paterson, Herbert 
Patterson, R. L. 
Payton, Curtis C 
Perry, Dan. E. 
Phillips, Wm. B. 
Pickett, Arthur G. 
Pierce, C. L 
Polich, Theodore P. 
Polk, Martin C. 
Popp, W. L. 

Post, Fred W. 
Proctor, Asa G. 
Rabe, William 
Rantsma, W. F. 
Rawn, A. M. 
Reddick, Harry EF. 
Reed, Geo. W. 
Reeve, J. E. 
Reeves, Carl H. 
Reinke, Edward A. 
Reynolds, Leon B. 
Ribal, Raymond R. 
Roberts, W. C. 
Robles, Geo. G. 
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Rockingham, W. H. 
Rogers, Frank J. 
Rogers, Karl R. 
Rossi, F. J. 
Rushton, Leon E. 
Salle, A. J. 
Sanchis, J. M. 
Savage, H. N. 
Schuyler, Philip 
Segel, A. 

Seitel, G. C. 
Shattuck, J. G. 
Sherman, W. R. 
Shook, H. E. 
Sloan, Chas. E. 
Slover, Sutphen 
Smith, Alva J. 
Smith, Chester A. 
Smith, J. F. 
Sparling, H. T., Jr. 
Sperry, H. G. 
Stead, A. J. 


Stevenson, Ralph A. 


Steward, O. E. 
Strayer, Elmer C. 
Stuart, Archer B. 
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Sullivan, George L. 
Tabor, Edward R. 
Talbot, Frank D. 
Taylor, Carl V. F. 
Tegtmeyer, L. C. 
Tennant, Carl F. 
Thomas, Franklin 
Tucker, O. H. 

Van Norman, James H. 
Waggoner, E. R. 
Walker, L. R. 
Warburton, Thos. 
Warren, A. K. 
Weil, Jr., Conrad 
Wesseler, M. J. 
West, Fred A. 
Wharton, R. J. 
Wilhelmy, Walter C. 
Wilkie, Fred A. 
Wiison, Carl 
Wintersgill, A. T. 
Wright, E. L. 
Wright, L. E. 
Wyatt, Bradley W. 
Wyman, A. W. 
Zuckweiler, G. C. 


Blumberg, Oscar—Oregon 
Chism, Harry—Nevada 
Downes, John R.—New Jersey 
Enslow, L. H.—New York 
Fuller, George W.—New York 
Green, Carl E.—Oregon 
Gregory, J. H—Maryland 
Hall, Hilliard D.—Arizona 
Hastings, A. T.—England 
Ikeda, T.—Japan 

Mason, John L.—Pennsylvania 
Molitor, Paul—New Jersey 
O’Connell, Jr., Wm. J.—New Jersey 
Orchard, W. L.—New Jersey 
Shanks, J. King—Washington 
Taylor, C. C—Nevada 
Watkins, H. H.—New Zealand 


Central States Sewage Works Association 


Gus H. Radebaugh, Secretary-Treasurer, 500 N. Oak Street, Urbana, III. 


Adams, Chas. L. 
Barnett, R. G. 
Baylis, John R. 


Illinots 


Beaudoin, Robert E. 
Beck, A. J. 
Beddoes, Herbert 
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Bird, K. H. 

Boruff, C. S. 

Bulot, Francis H. 
Cox, J. W. 

Debrun, John W. 
DeLeuw, C. E. 
Delzell, Harry C. 
Deuchler, Walter E. 
Dorr Company, The 
Downes, Wm. J. 
Edwards, Gail P. 
Erickson, Carl V. 
Ferguson, Harry F. 
Fink, G. J. 

Gail, A. L. 
Goodman, Arnold H. 
Greeley, Samuel A. 
Gross, Carl D. 
Hansen, Paul 
Harman, H. W. 


Harman, Inc., Jacob A. 


Hatfield, W. D. 
Henn, Donald E. 
Howson, L. R. 
Hurwitz, Emanuel 
Inertol Company, The 
Johnson, Floyd E. 
Kivell, Wayne A. 
Kraus, L. S. 

Krusi, J. 

Larson, C. C. 
Lindell, O. V. 
Link-Belt Company 
MacKenzie, V. G. 
Mackin, John C. 
McClenahan, W. J. 
Merckel, F. G. 
Mohlman, F. W. 


Adams, Clarence D. 
Berry, George 
Bloodgood, Don. E. 
Brossman, Chas. 
Calvert, C. K. 
Carpenter, Carl B. 
Cerny, Paul J. 
Cottingham, W. P. 
Darling, O. M. 
Downey, M. H. 
Finch, Lewis S. 
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Morkert, Kenneth 
Olson, Wm. M. 
Palmer, John R. 
Pearse, Langdon 
Peterson, Ivan C. 
Peterson, Ralph W. 
Radebaugh, G. H. 
Rasmussen, F. 
Rein, L. E. 

Roe, Frank G. 
Rogers, W. H. 
Ruchhoft, C. C. 
Scheidt, B. A. 
Schroeder, A. W. 
Schwob, Carl E. 
Smith, E. E. 
Smith, J. Irwin 
Smith, Russel S. 
Stanfield, A. C. 
Stanley, Wm. E. 
Sullivan, C. W. 
Suter, Max 
Swope, Gladys 
Todd, J. A. 
Turner, L. B. 
Turpin, U. F. 
Vagtborg, H. A. 
Van Praag, Jr., Alex 
Velzy, Chas. R. 
Walraven, W. B. 
Wheeler, C. E., Jr. 
Whittemore, L. C. 
Williams, Chas. 
Williams, Leon G. 
Wilson, P. B. 
Wisely, W. H. 
Zack, S. I. 


Indiana 


Garman, Harry O. 
Geupel, L. A. 
Hayes, John 
Hofer, A. K. 
Hurd, Chas. H. 
Hurd, Edwin C. 
Indianapolis Water Company 
Johnson, Paul 
Jordan, Harry E. 
Kinney, E. F. 
Krull, William J. 
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Leonard, Onis M. Price, O. L. 











Lewis, R. K. Reid, Robert W. 
Matthews, J. C. Risher, W. H. 
Miller, David R. Seely, Ray 

Milling, Martin A Sherow, Douglas T. 
Moore, J. M. Toyne, John W. 
Moore, John W. Van Dyke, G. W. 
Moore, R. B. (deceased) Wiley, Ralph B. 
Murphy, J. B. Young, Herbert H. 






Noble, Claude E. 






Wisconsin 









Muegge, O. J. 





Baker, C. M. 










Beatty, E. J. Nichols, M. Starr 
Boley, Arthur L. Nicol, H. Erskine 
Brower, James Parsons, E. B. 
Cape, Charles B. Pierce, W. A. 
Cramer, Robert Quimby, Frank 
Donahue, Jerry Romaine, Burr 
Hartman, Bruno Schindler, L. W. 
Holderby, J. M. Schwartz, Oswald 
Kanneberg, Adolph Shlensky, A. 
Karl, Harry Stemper, J. Alex 
Kirchoffer, W. G. Townsend, Darwin W. 
Mackin, James H. Warrick, L. F. 






Martin, George Wilson, John A. 







Champe, George—Ohio 
Childs, J. A.~—Minnesota 

Finch, R. M.—Minnesota 

Jones, Frank Woodbury—Ohio 
Melluish, J. G—South America 
Reeve, S. P.—Missouri 

Sherman, Leslie K.— Massachusetts 
Theroux, Frank R.—Michigan 









Federal Sewage Research Association 





A. P. Miller, Secretary-Treasurer, 16 Seventh St., S. W., Washington, D. C. 







Ohio 


Butterfield, C. T. Purdy, William C. 











Carnahan, Charles T. Streeter, H. W. 
Crohurst, Harry R. Theriault, E. J. 
Hoskins, J. C. Wright, Charles T. 






McNamee, Paul D. 








District of Columbia 










Dorsey, Stanton L. Robertson, Jr., J. L. 
Frank, Leslie C. Tarbett, R. E. 
Moss, F. J. 
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Dopmeyer, A. L.—California 
Fuchs, Abraham W.—New York 
Hommon, H. B.—California 
Hopkins, Omar C.—California 
Komp, W. H. W.—Georgia 


Old, H. N.—Louisiana 
Shaw, Frank R.—Illinois 
Sullivan, E. C.—Louisiana 


Iowa Wastes Disposal Association 





L. J. Murphy, Secretary-Treasurer, lowa State College, Ames, Iowa. 


Badley, H. W. 
Bartow, Edward 
Bentley, Henry S. 
Bufkin, A. E. 
Christiansen, C. C. 
Crom, E. S. 
Currie, C. H. 

Dye, Elmer E. 
Goresline, Harry 
Hall, M. G. 
Higgins, Lafayette 
Hinman, Jr., Jack J. 
Houser, P. J. 
Kline, Joe 


Mather, Edward K. 


Nelson, Frederick G. 


Towne, W. Waldo 
Ward, Stanley C. 


Levine, Max 

Mark, Jr., William P. 
Mayne, Joel H. 
Murphy, L. J. 
Nelson, George A. 
Olson, Wm. A. 
Sedlacek, A. J. 
Shade, M. E. 

Stull, Bert 

Von Doelhren, A. N. 
Waterman, Earle L. 
Wieters, A. H. 
Wise, Sam 


Young, F. E 


South Dakota 
Illinois 
South Dakota 


Minnesota 


Maryland-Delaware Water and Sewerage Association 
F. W. Caspari, Secretary, 2411 N. Charles St., Baltimore, Md. 


Angle, W. Harry 
Armling, George 
Armstrong, James W. 
Beavin, B. E. 
Blohm, A. W. 
Caskey, S. J. 
Caspari, F. W. 
Chambers, T. H. 
Coblentz, M. H. 
Cromwell, E. C. 
Diggs, J. F. 
Dryden, F. H. 
Goodrich, A. E. 
Gorsuch, J. Stanley 
Gregory, J. H. 
Hall, G. L. 

Hall, Harry R. 


Hechmer, C. A. 
Hofiman, A. W. 
Jester, J. M. 
Keefer, C. E. 
Kratz, Herman 
Krumbine, William 
MacVicar, M. W. 
Monroe, W. C. 
Morse, R. B. 
Owings, Noble L. 
Powell, S. T. 
Rhodes, H. E. 
Shelley, F. C. 
Smith, Charles S. 
Smith, Paul L. 
Wolman, Abel 
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Bingley, W. McLean—Connecticut 
Patrick, J. G—West Virginia 
Schaetzle, T. C.—Ohio 


Michigan Sewage Works Association 


W. F. Shephard, Secretary-Treasurer, Dept. of Health, Lansing, Mich. 
Anderson, R. A. McNamee, Robert L. 
Cash, 'C.. BF. Mitchell, P. T. 
Dodge, H. P. Mudgett, C. T. 

Dorr, Fred Oeming, L. F. 
Doyle, Thomas Olson, Herbert A. 
Drury, Walter R. Potts, Harry G. 
Faust, R. J. Raymond, N. I. 
Hamill, H. F. Rumsey, James R. 
Hirn, W. C. Shephard, W. F. 
Jellema, John F. Smith, Robert J. 
Johnson, Harry E. Smith, Walter E. 
May, D. C. Snedeker, L. LeVerne 
McCordick, George Stadler, Ralph A. 
McGrath, C. P. Weeber, Earl R. 
McGuire, O. E. Zitek, Jack 


Fretter, E. H.—Ohio 
Peterson, M. C.—Missouri 
Sperry, Walter A.—Illinois 
Missouri Water and Sewage Conference 


H. D. Peters, Secretary-Treasurer, State Board of Health, Jefferson City, Mo. 


Baker, F. E. Earhart, D. M. 
Barada, Jr., A. S. Empire District Electric Co. 
Barnes, W. E. Ewens, C. O. 

Beck, Roy L. " Fleming, John D. 
Berry, W. C. Flouchinger, H. 
Beynon, H. A. Fuller, W. A. 
Black & Veatch Gibbons, P. C. 
Bosch, Herbert Gilkison, G. F. 
Brown, Cleo Goodwin, T. L. 
Brown, Hugh Graf, A. V. 
Bumbacher, Jr., Joe Gray, William J. 
Burkhart, E. C. M. Habsieger, August 
Campbell, C. H. Hack, Jacob G. 
Cole, Charles Haecker, Arthur E. 
Collar, Jr., Ira T. Hale, Richard 
Cullom, W. H. Haney, John B. 
Day, L. A. Harper, E. E. 
Donner, A. D. Haskins, C. A. 
Douglass, H. F. Heather, George 
Dowd, E. F. Hebbler, O. L. 


Duncan, S. J. Heflin, C. E. 
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Helmreich, L. W. 
Henrici-Lowry Engineering Co. 
Hogan, M. S. 
Hollowell, A. C. 
Hord, C. E. 
Howard, Edward 
Jacoby, Clark E. 
Johnson, W. Scott 
Joslyn, Ray O. 
Kornfeld, J. L. 
Lauber, H. M. 
Lester, F. N. 
Magill, A. C. 
Manker, C. O. 
Martin, J. M. 
Mathews, C. K. 
May, E. C. 
McCarroll, W. J. 
McCaustland, E. J. 
McDonnell, R. E. 
McQueen, H. S. 
Marriatt, Ralph W. 
Missouri Power & Light Co. 
Moulder, G. C. 
Mullen, Bert R. 
Municipal Utilities 
Newell, H. E. 
Newman, H. B. 
Nipper, A. M. 





Osiek, H. W. 

Parker, H. C. 

Paulette, G. W. 

Peters, H. D. 

Pittsburgh Plate Glass Co. 
Pratt, Roger W. 
Reynolds, E. B. 
Reynolds, Otto S. 
Rollins, W. B. 

Russell & Axon 

Russell, George S. 

St. Louis Public Library 
Sewell, John W. 

Skinker, Thomas J. 
Slinger, J. F. 

Smith & Company, C. E. 
Spaid, H. B. 

Sweem, J. A. 

Thain, A. E. 

Thierfelder, F. L. 
Tiffany, C. P. 

Turner, Frank E. 
Wallace & Tiernan Company 
Weir, W. V. 

Weiss, H. F. 

Wells, J. N. 

Wolfe, E. E. 

York, George E. 


Berg, Arvid H.—Illinois 


New England Sewage Works Association 


F. W. Gilcreas, Secretary, 14 Beacon St., Boston, Mass. 


Connecticut 


Almquist, Frederick O. A. 
Bowers, Samuel W. 
Brown, Frederick M. 
Buck, Henry P. 
Campbell, Arthur T. 
Carson, Caryl C. 

Clarke, V. B. 

Cone, Joseph W. 
Connecticut Agricultural College 
Copeland, William R. 
Giles, J. Henry 

Greer, L. H. 

Griffith, Charles R. 
Hurley, F. J. 


Jackson, J. Frederick 
Lette, William C. 
MacKenzie, Wm. A. 
Minor, Sheldon E. 
Scott, W. J. 

Snow, Willis J. 

Stock, Mitchell B. 
Suttie, R. H. 
Thompson, E. H. 

Van Kleeck, LeRoy W. 
Watertown Fire District 
Watters, George E. 
Whitlock, Henry C. 
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Allen, Herbert B. 
Bailey, Howard E. 
Bogren, George G. 
Boyd, Walter E. 
Brigham, Harold L. 
Brooks, Jr., John H. 
Burden, Harry P. 
Camp, Thomas R. 
Cary, Willis E. 
Chase, Sherman E. 
Clark, H. W. 
Coburn, S. E. 
Crocker, H. S. 
DeHaas, Nicholas 
Dyer, Samuel 
Eames, LeRoy D. 
Eddy, Harrison P. 


Eddy, Jr., Harrison P. 


Ellsworth, Samuel M. 
Fair, G. M. 

Fales, Almon L. 
Flood, Frank L. 
Gilcreas, F. W. 
Griffin, Guy E. 
Haley, F. W. 
Hanson, Christopher 
Holmes, Harry E. 


Bean, Elwood L. 
Bugbee, Julius W. 
Gage, Stephen DeM. 
Gorham, Frederick P. 
Hauck, Frederick W. 
Johnson, Eskil C. 
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Maine 


Sprague, E. H. 


Massachusetts 


Horne, Ralph W. 
Houser, George C. 
Howard, P. F. 
Kennedy, F. H. 
Kenney, Samuel M. 
Kingsbury, Francis H. 
Lanphear, Roy S. 
Lingley, Ralph G. 
Maddox, Austin L. 
Neff, Henry C. 
Perry, Earl R. 
Phipps, Nathan B. 
Quinn, Thomas A. 
Raymond, Jr., John W. 
Rhodes, A. T. 

Roche, Edward C. 
Sanderson, W. W. 
Sherman, Charles W. 
Smith, Fred E. 
Taylor, Philip W. 
Wentworth, John P. 
Weston, Arthur D. 
Weston, R. S. 
Whipple, Melville C. 
Worthington, Erastus 
Wright, Edward 


’ 


Rhode Island 


Lamb, Clarence F. 
Pool, Charles L. 
Richardson, Charles G. 
Wheelock, Jesse C. 
Williams, Frederick 
Wuraftic, Joseph 


Agar, Charles G.—New York 
Balcarcel, A. H.—Guatemala 
Cameron, A. B.—Ohio 

Hill, G. Everett—New York 
Martzell, Paul—New York 
Rankin, R. S—New York 
Sheppard, Frederick—New York 
Sherman, L. K.—Illinois 
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New Jersey Sewage Conference 
Richard C. Smith, Secretary, 29 High Street, Glen Ridge, N. J. 
Atkinson, Asher Lindsey, R. W. 
Baumgartner, William H. Lipman, J. G. 
Cameron, George Lozier, L. 
Chamberlin, Noel S. Maxwell, William 
Coe, J. H. McIntyre, Geo. F. 
Cowles, W. Mitchell, George A: 
Dunham, F. A. Molitor, E. P. 
Eifler, Emil O. Phillips, R. S. 
Eigenrauch, William Reid, Sam 
Elder, Francis B. Ridenour, G. M. 
Fasulo, Frank Rodda, Jr., William 
Fredericks, George Rudolfs, Willem 
Fuller, Jr., C. H. Simmerman, John H. 
Grogan, Francis Smith, Morford C. 
Harra, W. B. Smith, R. C. 
Heukelekian, H. Ubel, A. C. 
Hoffman, F. A. Ward, Urquhart 
Kerr, William West, Thomas 
Kloiber, F. G. White, E. M. 
Lacy, I. O. Willis, W. W. 


Lendall, Harry N. 
Donaldson, W.—New York 
Stroh, C. Kirk—Pennsylvania 
Veatch, F. M.—Missouri 


New York State Sewage Works Association 


A. S. Bedell, Secretary-Treasurer, 23 South Pearl Street, Albany, N. Y. 


Aeryns, Albert N. Board of Sewer Commissioners 
Agar, Charles G. Bogert, C. L. 
Albertson, John G. Bowe, Thomas F. 
Aldrich, Ellwood H. Boyce, Ralph E. 

Allen, Kenneth (deceased) Bradner, Basil E. 
Anderson, John E. Brigham, John C. 
Angell, Jr., J. M. Brush, Comm. Chas. E. 
Ashmun, H. S. Caird, James M. 
Babcock, Geo. H. Card, Albert G. 
Barnes, George E. Carpenter, William T. 
Barns, Frederick B. Cary, F. Arthur 
Barron, James L. Chadsey, William H. 
Bates, R. D. Chase, H. H. 

Bedell, A. S. Clarke, Ernest W. 
Berry, Stewart F. Clarke, Frank D. 
Besselievre, E. B. Cleveland, H. B. 
Beswick, J. E. Cohn, Morris 

Bidwell, Milton H. Collyer, Joseph C. 


Biele, Fred J. Conklin, Chester A. 
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Conner, H. McKean 
Cook, Rodney E. 
Corwin, Wilfred B. 
Cotton, Edwin R. 
Coulter, Waldo S. 
Cowell, John E. 

Con: &): BR: 

Curry, Jr., Truman M. 
Dappert, Anselmo F. 
Davis, Walter S. 
Dean, Harold R. 
Deming, Harold A. 
Devendorf, Earl 
Dickerson, Frank U. 
Ditto, M. W. 

Doll, Anthony 
Donaldson, W. 

Dowd, John E. 
Dyckman, Warren W. 
Eckhart, William R. 
Ehle, Virgil 

Enslow, L. H. 
Erdwurm, Emil 
Erickson, W. J. 
Eustance, Harry W. 
Farquhar, Frederick W. 
Feigel, John H. 
Fenger, J. W. 


Field Engineers, Inc., Wm. T. 


Firth, Elmer W. 
Fisch, Fred W. 
Fisher, Lawrence M. 
Fisk, George F. 

Fling, J. Albert 
Foote, A. J. 
Fortenbaugh, J. Warren 
Fuertes, James H. 
Fuller, N. M. 
Gardner, George W. 
Gould, Richard H. 
Greig, John M. M. 
Gyatt, William P. 
Hale, Arnold H. 

Hall, Frederic B. 
Hallock, Emerson C. 
Hamm, William C. 
Hammond, George T. 
Harding, Jr., James C. 
Harrison, F. Earle 
Hastie, James 

Havill, Harold T. 
Heubi, Thomas 


Hevenor, Gloster P. 
Hill, Jr., Nicholas S. 
Holbrook, A. R. 
Holmes, Glenn D. 
Holmquist, Chas. A. 
Hopkins, Charles C. 
Horton, Theodore 
Howd, A. L. 
Howell, Carl L. 
Hubbard, Winfred D. 
Johnson, Herbert O. 
Kass, Nathan I. 
Kemp, Harold A. 
Kerslake, James E. 
Kilcawley, Edward J. 
Koch, Fred 
Korschen, John A. 
Kumpf, George L. 
Kurtz, A. Lawrie 
Larkin, W. H. 
Laverty, Francis J. 
Lawlor, Thomas F. 
Levy, Harry W. 
Lewis, John V. 
Liberty, Ernest G. 
Lose, William L. 
Lozier, William S. 
Luther, Lawrence L. 
Lyman, C. Glenn 
MacCallum, C. 
MacMahon, James H. 
Marshall, Cyril E. 
McAdams, James 


, McClintock, James R. 


McDonald, Roland G. 
McGeough, Francis J. V. 
McHugh, Charles J. 
McKay, Cornelius R. 
McKeenan, Edwin C. 
Mendelsohn, I. W. 
Mercer, William F. 
Michaels, John 

Miles, Henry J. 
Minsker, T. K. 
Murray, James T. 
Newell, George R. 
Nickerson, P. M. 
Nussbaumer, Newell L. 
O’Brien, Earl F. 
O’Brien, James E. 
Ogden, Henry 

Perrine, J. Franklin 
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Phelps, E. B. 

Phelps, Ellis K. 
Pincus; Sol 

Plum, Svend Munk 
Poarch, S. D. 

Potter, Alexander 
Potts, Clyde 
Provost, Jr., Andrew J. 
Raisch, William 
Rankin, R. S. 

Reed, Harold P. 
Riedel, John C. 
Robinson, George L. 
Ryan, William A. 
Ryon, Henry 
Sanborn, J. F. 
Schneider, William H. 
Schockley, Homer G. 
Schreiner, W. R. 
Scott, Rossiter S. 
Seifert, William P. 
Seitz, Cecil F. 

Shaw, D. J. 

Shelton, W. H. 
Shepperd, Frederick 
Sherron, George A. 
Shevlin Engineering Company, Inc 
Simonds, Fred W. 
Skinner, J. F. 

Smith, Lewis B. 
Smith, Rolland B. 
Spier, Daniel R. 
Sprengart, Conrad 


Fuller, Andrew J. 
Fuller, Jr., Clinton H. 
Gavett, Weston 
Mason, John L. 
McFaul, W. L. 
Harrison, Edward F. 


Steelman, Martin S. 
Stevens, Harold C. 
Sturges, William T. 
Suter, Russell 
Sutherland, Henry 
Taylor, Henry W. 
Taylor, Warren G. 
Thomson, James B. F. 
Tiedeman, W. D. 
Vail, Comm. A. H. 
Van Denburg, J. W. 
Vieregg, Victor F. 
Voigt, Edwin T. 
Vrooman, Morrell 
Waasdorp, Leonard A. 
Wachter, Leonard M. 
Wagenhals, H. H. 
Walker, Charles E. 
Walker, Chas. L. 
Walsh, J. A. 
Walters, Joseph M. 
Warren, Roy P. 
Watkins, William W. 
Watson, Carl H. 
Weller, W. Earl 
Wheeler, Robert C. 
Willcomb, George E. 
Wing, Frederick K. 
Wright, LeRoy H. 
Wyckoff, Charles L. 
Young, W. W. 
Zeigler, Frederick C. 


Ohio 


New Jersey 


New Jersey 
Pennsylvania 
Canada 


Pennsylvania 


Knox, Stuart K.—New Jersey 

Neves, Lourenco Baeta—South America 
Nevitt, I. H— Canada 

Pratt, Gilbert H—New Jersey 
Wiencke, H. Phillips—Montana 


North Carolina Sewage Works Association 
H. G. Baity, Secretary-Treasurer, University of North Carolina, Chapel Hill, N. C. 


Bain, Ernest B. 
Baity, H. G. 
Beam, R. D. 


Abbitt, I. O. 
Absher, Claude W. 
Anderson, W. R. 
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Bennett, J. S. 
Benton, L. J. 
Bishop, G. H. 
Black, Wood 
Briggs, O. L. 
Brower, I. C. 
Brown, J. T. 
Bugher, S. B. 
Bullard, J. L. 
Burns, I. M. 
Butler, H. N. 


Caruthers, E. P. 
Chaffin, Wendel W. 


Cochran, J. D. 
Craig, J. O. 
Croom, T. G. 


Davidson, George T. 


Davis, H. F. 
Davis, P. D. 


Davis, R. Moody 


Dishner, P. J. 


Evans, William J. 


Floyd, J. E. 
Frisk, Paul W. 
Grier, M. M. 


Magee, W. G. 
Marshall, J. B. 
Martin, J. C. 
McConnell, Earle G. 
McCrea, T. R. 
McLeod, J. A. 
Meredith, E. P. 
Merritt, Will S. 
Michael, A. M. 
Michie, J. C. 
Miller, H. E. 
Mills, R. T. 
Moore, George S. 
Moss, E. H. 
Myers, Warren G. 
Olsen, W. C. 
Parks, W. J. 
Patterson, T. C. 
Pender, L. E. 
Piatt, Wm. M. 
Pollard, W. M. 


Pomona Terra Cotta Company 


Rhyne, C. E. 
Rickards, J. C. 


Rosenberger, Raymond J. 


Grinnell Company, Inc. Rue, John D. 


Hall, W. H. 
Harrel, J. 


Hedgepeth, L. L. 


Hicks, C. C. 
Hobgood, A. B. 
Ireland, D. W. 
Jarrett, J. M. 
Johnson, E. M. 
Jones, W. R. 


Kearney, E. W. 


Keller, C. B. 
Lampley, J. H. 
Lassiter, L. I. 
Leon, Harry L. 
Lewis, C. F. 


Lipscomb, Gerard 


Logan, C. G. 


Saville, Thorndike 
Scott, A. A. 
Shaner, Harry L. 
Sholes, R. E. 
Smedberg, G. W. 
Spence, W. O. 
Sugg, J. H. 
Swartz, M. 
Toms, R. V. 
Trice, M. F. 
True, Albert O. 
Vest, W. E. 


Warrenton Water Company 


Whitener, J. S. 
Wicker, E. P. 
Wilson, A. W. 
Wilson, Everitt W. 


Ludlow, J. L. (deceased) Witty, T. E. 


Luther, R. W. 
Lyon, A. S. 


Maffitt, McKean 


Worth, Albert M. 
Wright, Stanley H. 


Ford, Jr., T. B.—Georgia 

Johnson, Howard A.—Virginia 

Kittrell, Francis W.—Tennessee 
Martinez-Ponte, J. Rafael—South America 
White, W. A.—Virginia 
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Oklahoma Water and Sewage Conference 


H. J. Darcey, Secretary-Treasurer, State Dept. of Public Health, Oklahoma City, Okla. 


Bennett, Leon 
Bullen, C. K. 
City Clerk 
Crankshaw, E. J. 
Darcey, H. J. 
Harrison, C. H. 
McCord, A. C. 


Prichett, L. A. 
Skinner, Pearl 
Smith, O. M. 
Sprangle, Bert 
Stapley, Edward R. 
Stienmann, R. W. 


Pennsylvania Sewage Works Association 


L. D. Matter, Secretary-Treasurer, Kirby Health Center, Wilkes-Barre, Pa 


Alan Wood Iron & Steel Company 


Allison, T. H. 

Andrews, G. D. 

Bailey, S. C. 

Barrick, M. J. 

Baum, H. J. 

Beaumont, H. M. 

Blunt, H. 

Boardman, Jr., W. H. 
Boyer, Edward G. 
Broomall, C. M. 

Brown, Glenn V. 

Buck Hill Falls Company 
Burnside, Lewis E. 

Bush, Bernard S. 

Butler, City of 

Carter, Huntington T. 
Chambersburg, Borough of 
Chester Engineers, The J. N. 
Clark, Mary A. 


Clearfield Bituminous Coal Corp. 


Cleland, R. R. 

Clouser, L. H. 
Conway, George K. 
Creig, R. H. 
Cunningham, H. L. 
Damon & Foster 
Daniels, F. E. 

Darby, W. A. 

Dechant & Sons, W. H. 
Eckbert, Chester A. 
Ellis College for Fatherless Girls 
Emerson, Jr., C. A. 
Emery, James G. 
Emigh, William C. 
Evans, D. W. 

Fisher, S. M. 


Fox, C. R. 
Freeburn, H. M. 
Friel, F. S. 
Fulweiler, W. H. 
Glace, I. M. 
Gorman, R. C. 
Grace, C. F. 
Grossart, L. J. H. 
Guest, John W. 
Hadley, John H. 
Hartzell, E. F. 
Harvey, J. R. 
Hempt, Floyd G. 
Herr, H. N. 

Hinkle, Samuel 
Hoffert, J. R. 
Holstein, George L. 
Hudson & Myron 
Hutton, H. S. 
Jefferis & Weiler 
Jenne, Lyle L. 
Keatley, C. R. 
Keirn, H. A. 
Kinney, James B. 
Kinsel, H. L. 
Knowles, Inc., Morris 
Krumm, Harry J. 
Lees & Sons Company, James 
Link-Belt Company 
Lynch, George L. 
McAdoo & Allen Welting Co. 
Matter, L. D. 
Mebus, Charles F. 
Meckley, E. W. 
Merkel, Paul P. 
Mertz, John R. 
Meyer, Emile J. 











Vo. 3, No. 2 


PROCEEDINGS OF LOCAL ASSCCIATIONS 307 








Milligan, Francis B. 
Monroe, Lowell W. 
Moore, George W. 
Morgan, L. S. 
Moses, H. E. 
Mulvihill, F. J. 


Shaw, George H. 

South Coatesville Borough 
Spear, William B. 
Stevenson, W. L. 

Stewart, H. M. 

Sweyler, Newton L. 


Nebel Company, Inc., Oscar Wagner, Edwin B. 


O'Donnell, R. 
Palmer, I. Charles 


Walker, Elton D. 
Warren State Hospital 


Philadelphia Rubber Works Co Welsford, H. R. 


Phillips, Roy L. 
Reading, City of 
Rice, John M. 
Schaut, Geo. B. 
Scheffer, Louis K. 
Searight, George P. 


Wertz, C. F. 

White Haven Sanitorium 
Williams, Wm. R. 
Wickerham, Philip S. 
Young, C. H. 


Andrews, Chas. L.—Ohio 
Besselievre, Edmund B.—New York 
Carpenter, Lewis V.—West Virginia 
Chase, E. Sherman— Massachusetts 
Fales, Almon L.—Massachusetts 
sascoigne, George B.—Ohio 

Giesey, J. K.—Illinois 

Goff, William A.—New Jersey 
Jones, Frank W.—Ohio 

LaMotte Chemical Products Company— Maryland 
McMillan, Henry L.—Illinois 
Umbenhauer, E. J.—Texas 
Vosbury, W. DeWitt—New Jersey 


Sewage Division, Texas Section, S. W. W. A. 


V. M. Ehlers, Secretary, Capitol Station, Austin, Texas 


Armsby, Sidney P. 


Becker, Jr., Philip G. 


Chamberlain, J. R. 


Hancock, A. P. 
Haydon, Chas. E. 
Hays; €.:C. 


City Sewerage Company Hood, E. J. 


Crawford, C. M. 
Crecelius, S. F. 
Doherty, J. F. 
Duckett, Roy 
Eggert, E. G. 
Ehlers, V. M. 
Ellis, R. B. 
Elrod, Henry E. 
Fooshee, W. M. 
Fowler, James D. 
Fugate, G. L. 
Garner, A. E. 
Green, T. C. 


Hopkins, E. D. 
Irwin, E. 
Jarboe, Jas. 

Jessen, J. W. 

Joiner, W. N. 

Mahlie, W. S. 
Matthews, Homer M. 
Montgomery, Julian 
Moor, W. C. 

Morey, Jr., David 
Olmsted, H. G. 

Pitts, Hood 

Porter, J. W. 


al 
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Powell, Lee H. 

Powell, W. J. 

Puckhaber, Fred H. 
Roberts, W. E. 

Rowland, M. F. 

Schoch, E. P. 
Southwestern Laboratories 
Stanley, W. S. 

Steel, E. W. 


Acosta, Alfonso Villa 
Illinois 
Tennessee 


Birdsall, L. I.- 
Fletcher, Alfred H. 
Hopkins, E. S. 


Ysunza, Ing. Alfonso 
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Taylor, T. U. 

Taylor Sanitary Company 
Terrell’s Laboratories 
Thomas, R. B. 

Upton, R. G. 

Whedbee, Edgar 

Willey, Morgan B. 
Winfrey, J. M. 


Mexico 


Maryland 


Mexico 


NON-ASSOCIATION SUBSCRIBERS TO THE JOURNAL 
IN THE UNITED STATES 


Alabama 
State Board of Health 
Arizona 
Holmquist & Maddock 
Arkansas 
Slater, James P. 
California 
Chamberlain, L. H. 
Frisbie, Charles G. 
Kingsburg, City of 
Los Angles Public Library 
Stanford University Libraries 
Twining Laboratories, The 
University of California Library 
Colorado 
Colorado State Board of Health 
Connecticut 
Library of the School of Medicine 
Newlands, James A. 
Sewer Commission, The 
State Department of Health 
Delaware 
Beckett, Richard C. 
District of Columbia 
Industrial & Engineering Chemistry 
Sanitary Engineer in Charge, Interstate 
Sanitary District No. 2 


Florida 


Brown, Charles C. 
Sewer Department 
State Board of Health 


Georgia 
Georgia State Board of Health 
Illinois 


Adams, Howard W. 

Carollo, John A. 

Carpenter, John S. 
Evers-Sauvage Engineering Co. 
General Chemical Company 
Gilchrist Library, W. A. 
International Filter Company 
John Crerar Library 

Lenth, George C. D. 

Murray, C. T. 

Nash, H. B. 

Randolph-Perkins Company 
State Water Survey 

Suhr, Berryman, Peterson & Suhr, Inc. 
University of Illinois 

Walker, Donald 


Indiana 
Indiana State Board of Health 
Purdue University Library 
Towa 


Iowa State College Library 
State University of Iowa Library 
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Kansas 

University of Kansas 
Kentucky 

Dugan, F. C. 
Loutsiana 

Mentz & Company, Henry A. 


Maryland 
Back River Sewage Treatment Works 
Norman, Remington Company, The 
State Department of Health 
Walden, A. E. 
Welch Medical Library, The William 


Massachusetts 


Barbour, Frank A. 

Belknap, John B. 
Department of Public Health 
Harvard Engineering School 
Lawrence Experiment Station 
Mass. Inst. of Technology 


Michigan 

Ayres-Lewis-Norris & May 

Dearborn, City of 

Department of Public Works & Engi- 
neering 

Detroit Public Library 

Dodge, R. A. 

Dow Chemical Company 

Michigan Department of Health 

Nine-Mile-Halfway Sewage Disposal 
Plant 

Sanitary Engineering Department, 
University of Michigan 

Warner, Raymond A. 


Minnesota 
League of Minnesota Municipalities 
Minnesota Department of Health 
Rogers, H. G. 
University of Minnesota Library 
Wilson, John 


Missouri 
Burns & McDonnell Engineering Co. 
Forslund Pump & Machinery Company 
Hatcher, M. P. 
Kansas City Public Library 


Kiersted, Wynkoop 
University of Missouri 


Montana 


Cobleigh, W. M. 
Hall, John W. 


Nebraska 


Grant, Fulton and Letton 
University of Nebraska 


New Jersey 


Blattler, Paul 

Camden County Vocational School 
Carter, Edgar & Wittwer 
Gorman, Arthur E. 

Koch, F. J. 

Swain, Wm. H. 


New York 


Askowitz, S. 

Chemists’ Club, The 

Chlorine Institute, Inc., The 

Columbia University Library 

Elder, A. L. 

Engineering News-Record 

Fuller & McClintock 

Hooker Electrochemical Co. 

Inertol Company 

Isco Chemical Company, Inc. 

Johns-Manville Corporation 

Kenney, Frederick 

Lederle Antitoxin Laboratories 

Municipal Sanitation 

New York Public Library 

New York State Library 

Office Chief Engineer, Municipal Build- 
ing 

Roessler & Hasslacher Chemical Co. 

Sanborn & Bogert 

Sheehan, William T. 

Solvay Process Company 

State Department of Health 

Thomas, J. G. 


North Carolina 


Duke University Library 


North Dakota 


State University of North Dakota 
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Ohio 
Barckhoff, F. S. 
Barstow & McCurdy 
Barstow & McCurdy 
Browne, Floyd G. 
Cleveland Public Library 
Dittoe, W. H. 
Ellms, J. W. 
Flower, G. E. 
Heffelfinger, J. M. 
Jones & Company, H. P. 
Kimberly, A. E. 
Lower, J. R. 
MacDowell, R. F. 
McDill, Bruce M. 
Monroe, S. G. 
Ohio State University 
Regester, Robert T. 
Stream Pollution Investigations 
Sweeney, R. C. 
Yackley, Wilbur A. 


Cincinnati 
Akron 


Oregon 


Mars, L. D. 
Oregon State Agricultural College 
Stevens & Koon 


Pennsylvania 
Commandant, The Medical Field Ser- 
vice 
Gilbert, J. J. 
Regional Planning Federation 
South Carolina 


Blackwelder, C. D. 
Fry, E. D. 
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South Dakota 


Owen, N. T. 
South Dakota State College Library 


Tennessee 


Department of Public Health 

McAmis, J. W. 

Vanderbilt University Library 
Texas 

A. & M. College 

Divers, M. L. 


Hawley, John B. 
Thackwell, H. L. 


Virginia 

Barnard, Elmer E. 

State Health Department 
Washington 

Department of Health 
West Virginia 

State Health Department 
Wisconsin 


Hatton, T. Chalkley 
Municipal Reference Library 
Thiel, Paul W. 

University of Wisconsin 


United States Possessions 
Canal Zone 
Bunker, George C. 
Philippines 
Knuckey, L. W. 


FOREIGN NON-ASSOCIATION SUBSCRIBERS TO THE JOURNAL 


Africa 


Bateman, Edward L. 

Hamlin, E. J. 

Miller, H. C. 

Secretary for Public Works, The 
Van Schaik, Ltd., J. L. 


Australia 


Anderson, V. G. 
Director-General of Health 
Director-General of Works 


Goodahl, H. W. 
Gutteridge, A. Gordon 
Hodgson, H. J. N. 


Canada 


Cyr, Rene 

Department of National Health 
Dorr Company, The 

Hankin & Company, Ltd., Francis 
Harris, R. C. 

Jones, D. H. 
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Lafreniere, Theo. J. 

McGill University Library 
Ontario Department of Health 
Provincial Bureau of Health 
University of Saskatchewan 
Wynne-Roberts, Son & McLean 


China 
Chief Sanitation Chemist 
Hsiao, C. Y. 


Denmark 


Gad, 'G. B.C. 
Jarvis, Alec. C. 


Egypt 
Morgan, A. L. 


England 


Activated Sludge, Ltd. 

Adams Hydraulic, Limited 
Bennett, W. 

Castner-Kellner Alkali Co., Ltd. 
Director of Publications 
Edmondson, James H. 

Farmer, John E. 

Hodgson, E. 

Howatson, E. H. 

Kershaw, Bertram C. 

Ledson, Daniel 

Lumb, J. H. 
Morling, E. E. 
Parsons, A. S. 
Rivers Department 
Seed, W. Hartley 
Ward, A. R. 


Germany 


Bach, Herman 

Chem. Laboratorium des 
wasserungsamts 

Chlorator-Gesellschaft 

Conrad Behre 

Deutsche Abwasser-Reinigungs-G. m. b. 
H. Stadtereinigung 

Emschergenossenschaft 


Stadtent- 


Fries, Franz 
Hiersemann, Karl W. 
Hilland, W. 

Imhoff, Karl 

Mahr, Ing. 


Mieder, Baudirektor Fr. 

Freussischen Landesanstalt fiir Wasser, 
Boden-und-Lufthygiene 

Priiss, Max 

Ruhrverband 

Sierp, F. 

Stadtische Tiefbaudeputation 

Witkowski, Morgenrot A. 


Greece 

Wright, D. E. 
Holland 

Kessener, H. 

Secretariaat Dienst 
Ireland 

University College 
Italy 


Ippolito, Girolamo 


Japan 


Andrews & George Company, Inc. 
‘‘Doboku”’ Engineering College 
Keio Gi Juko University 
Niigata-Ika-Daigaku-Toshokan 
Nishihara, S. 

Shimazaki, Takahiko 

Tanaka, T. 

Yonemoto, S. 


Poland 
State School of Hygiene 


Russia 


Dumpe, I. 

Zekubu, Home of Scientists 
Serbia 

Prestini, Knjizara M. 
Scotland 

Harris, F. W. 
South America 

Aguirre, E. Edward 

Altoberro, J. C. 
Spain 

Molinas, C. 
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Notice of Local Association Meetings 


CENTRAL STATES SEWAGE WorRKS ASSOCIATION. Hotel Loraine, Madi- 
son, Wisconsin. May 22-23, 1931. Proceedings in next issue. 


MARYLAND-DELAWARE WATER AND SEWERAGE ASSOCIATION. Du Pont- 
Biltmore Hotel, Wilmington, Delaware. Meeting held May 5-6, 1931. 
Proceedings in next issue. 


New ENGLAND SEWAGE WorKS ASSOCIATION. Hotel Bond, Hartford, 
Conn. Meeting held April 27, 1931. Proceedings in next issue. 


OKLAHOMA WATER AND SEWAGE ASSOCIATION. Stillwater, Oklahoma. 
Meeting held April 19-24, 1931. Proceedings in next issue. 


PENNSYLVANIA SEWAGE WorKS ASSOCIATION. State College, Pa. 
June 23-24, 1931. 


New York State Sewage Works Association 
Third Annual Meeting 


Albany, N. Y. 
March 5, 1931 


The Third Annual Meeting of the New York State Sewage Works Asso- 
ciation was held in Albany, N. Y., March 5, 1931. Eighty members and 
guests were registered. At the business meeting W. P. Gyatt (Syracuse), 
C. A. Howell (Buffalo) and E. B. Phelps (New York) were elected to the 
Executive Committee to replace H. B. Cleveland, M. Cohn and G. D. 
Holmes whose terms of office expired. Mr. John F. Skinner of Rochester 
was elected president, and Professor E. B. Phelps of New York City, vice- 
president. The former was elected to serve on the Board of Control for one 
year and the latter for two years. A.S. Bedell, State Department of Health, 
Albany, was reappointed secretary-treasurer. 

At the morning session Lawrence Luther gave a paper describing con- 
struction and operation of the sewerage system and sewage treatment works 
at Freeport, Long Island. 

At the luncheon, Dr. Huntington Williams, Secretary of the State De- 
partment of Health, welcomed the group on behalf of Dr. Parran, the 
State Commissioner of Health, and assured them of the latter’s interest in 
the activities of the Association. W. J. Orchard, as usual, supplemented 
his delightful humor with a serious appeal to make use of civic pride to 
obtain sanitary improvements through some system of scoring health 
standards. 
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The afternoon was devoted to a symposium on sludge, Mr. E. F. O’Brien 
of Syracuse, N. Y., opening the discussion on ‘Collection and Digestion,”’ 
followed by a prepared discussion by W. B. Corwin, Larchmont, N. Y. 
Mr. W. A. Ryan, Rochester, N. Y., presented a paper on ‘Drying and 
Disposal,’ which was followed by a prepared discussion by Morris Cohn, 
Schenectady, N. Y., and G. E. Willcomb, Albany, N. Y. Both subjects 
were fully discussed from the floor. 

The next meeting of the Association will be held in Freeport, N. Y., on 
June 5-6, 1931. 

A. S. BEDELL, Secretary 


Florida Short Course in Water and Sewage Treatment 


West Palm Beach, Florida 
March 31-A pril 3, 1931 


The second short course for waterworks men was held this year in con- 
junction with the Florida section of the American Water Works Associa- 
tion. 

The short course was devoted solely to the needs of filter plant operators. 
Papers were presented by H. W. Streeter of the U. S. Public Health Ser- 
vice; A. S. Behrman of the International Filter Co.,; Chicago; David G. 
Thompson, U. S. Geological Survey; H. E. Beckwith, Pitometer Co., 
Harrisburg; and Paul Hansen, Pearse, Greeley and Hansen, Chicago. 

Other papers presented were on ground water supplies, filtration plant 
practices, the ammonia-chlorine process, activated carbons, public relations, 
sanitary rating of water supplies, financing water main extensions, water 
supply reservations and waste water surveys. 


Texas Water and Sewage Works Short School 
Thirteenth Annual Meeting 


Waco, Texas 
January 20-23, 193 


V. M. Ehlers, at the Waco session of the Short Course Water School, 
made a verbal report in which he recounted some of the outstanding ac- 
complishments in the waterworks field for the past year, and reviewed the 
manner in which the Texas Section has coéperated with allied agencies in 
certain activities. He brought out particularly the following points: 

The Texas Section was represented by some of its officers at the meeting 
of the American Water Works Association in St. Louis; at the American 
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Public Health Association in Fort Worth and Mexico City; and the Texas 
Pool and Beach Association in Austin during the past year. 

Members of the Texas Section assisted the Texas State Department of 
Health in providing ortho-tolidine testing sets for water plant operators in 
Texas; in a study of underground waters in the State; in the elimination 
of cross connections in a number of cities; and in a one-day water school 
held at Longview, which was attended by some twenty interested city 
officials. 

A questionnaire survey of the states revealed the fact that sixteen states 
are now using the annual short school as a means of training water and sew- 
age plant operators, as well as sanitary inspectors, and mosquito control 
men. 

Interest manifested by the Sewage Section of the Texas Section, 
S. W. W. A., is exemplified by the fact that there are now 44 Texas sub- 
scribers to the SEWAGE WORKS JOURNAL, a magazine published four times a 
year, at a special price of $1.00 per year instead of the regular price of $3.00, 
the arrangement being made possible by a special agreement with the 
Federation of Sewage Works Associations. 

Attention was called to the last biennial report of the Texas State De- 
partment of Health, which includes tabulated data on typhoid fever epi- 
demics occurring in Texas for the period of September 1, 1928, to Septem- 
ber 1, 1930. It is interesting to note that water-borne typhoid is gradually 
fading out in the Texas cities, while in no instance was an epidemic traced 
to a municipally owned water supply. 

Expansion in fields in which the members are interested was pointed out 
in several particulars. 

Interest of the East Texas Chamber of Commerce has been gained in the 
feasibility of manufacturing lime and chlorine in Texas. 

The Engineering Experiment Station at Texas A. & M. College has been 
requested to conduct experiments on the merits or demerits of concrete 
pipe and vitrified clay pipe subjected to the varying conditions which ob- 
tain in Texas, and to make a report on the findings upon completion of the 
tests. 

The application of ammonia and chlorine (chloramine) for the removal of 
tastes in water is being tried with fair success ~t Wichita Falls, Llano, 
Dallas, Austin, Henderson, Waco and San Benito. 

The need of extending the protection of water supplies to the rural dis- 
tricts of Texas was also brought to the attention of the members. The 
President was asked to take under consideration the creation of a Commit- 
tee on Rural Water Supplies, which might study the situation and outline 


a procedure for the future. 
V. M. Euvers, Secretary 

















H. W. STREETER 


Recent Methods of Sewage Treatment 
By BrReEVET Lt.-Co_. WILLIAM BuTLER, M.B., D.P.H. 
Journal Royal Sanitary Institute, 51, 541-559 (April, 1931) 


ABSTRACTED BY F. W. MOHLMAN 


The Main Drainage Committee of the London County Council has been 
conducting extensive experiments on the treatment of London sewage by 
bio-aeration methods. The tests have been made at the southern outfall, 
under the direction of the author, in collaboration with Mr. J. H. Coste, 
Chemist to the Council, and Mr. J. W. H. Biggs, Chemist, in charge of 
the laboratories of the northern and southern sewer outfalls. 

Sewage is ‘‘a mechanical mixture of suspended matters in a liquid me- 
dium.”’ Settling is considered to be an elementary form of treatment, 
but wasteful of the manurial value of the settled solids, if dumped at sea. 
Digestion of sludge is gaining favor, but (according to the author) disposal 
of sludge is considered to be a minor part of the main problem of sewage 
treatment. The treatment of clarified liquor is stated to be the main 
difficulty of sewage treatment. 

The complete treatment of settled sewage by bio-aeration requires 
oxygen plus active humus, known as activated sludge. Effluents are 
not completely stable but subject to further decomposition into humus. 
An activated-sludge effluent, however, should not produce nuisance in 
“an ordinary unpolluted stream.”’ 

Various biological processes were considered for investigation, but 
these were finally narrowed down to two alternative applications of 
“the admixture of free humus with sewage,” with aeration (1) by diffused 
air through porous tiles, and (2) by propulsion along shallow channels. 
Raw and settled sewage from an estimated population of 2000 was treated. 
The maximum capacities were as follows, in Imperial gallons per 24 hours: 


Aeration Channels 


Diffusers Channels Reaeration Diffusers 
Raw 56,000 ee Be ae 
Settled 80,000 120,000 300,000 


(Abstractor’s Note: Aeration periods, air consumption and analyses 
not given.) 
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If sufficient reaeration is provided, it should be possible to sustain the 
maximum rate in the treatment channels. The channels used were 60 
feet long and two-story, designed by Mr. E. H. Tabor, Asst. Chief Engi- 
neer to the Council. The lower channel was smaller than the upper, 
thus increasing the velocity of flow. It was found to be desirable to 
admit air to the lower channel near the commencement of the return flow. 
By suitable fillets at each end of the lower channel, air was trapped under 
pressure equal to the head of water in the upper channel. This was con- 
sidered to be an advantage. 

An aeration period of one hour or less produced inoffensive stable 
effluents of a character satisfactory for disposal. 

When a large-scale plant was contemplated, some doubt arose con- 
cerning the advisability of building long under-and-over channels, due 
to possible adverse conditions in a dark, inaccessible lower chamber. A 
new type of channel, with ports of interchange between the upper and 
lower channels, yielded materially better results. With a supplemental 
air supply, the superiority of the new over the old channels was repre- 
sented by an improvement of from 20 to 50 per cent in the quality of the 
effluent; with no air supply, the improvement varied from § to 18 per cent. 

A discussion of the paper followed. 

Mr. F. R. O'Shaughnessy of Birmingham took issue with the statements 
that sewage is a mechanical mixture and that separation of suspended 
matters by sedimentation is an elementary form of treatment. He also 
believed that, contrary to the author’s statement, the disposal of sludge 
is the most difficult part of sewage disposal. He would like to see the 
results of an experiment reported by the author, in which it was stated 
that mere shaking for several minutes of a settled effluent with activated 
sludge, followed by separation of the sludge, resulted in an inoffensive 
effluent, stable at 80° C. for several days. 

Dr. H. T. Calvert, of the Ministry of Health, paid a tribute to Col. 
Butler's enthusiasm, and was pleased to note an indication that the 
London County Council was disposed to contribute toward the main- 
tenance of the purity of the river Thames. He expressed the hope that 
the author would give, in a subsequent lecture, more detailed information 
concerning the capacities of the experimental plant, since the inferred 
comparison of diffuser plant and paddle plant was apt to be misleading. 

Mr. H. C. Whitehead, Engineer of the Birmingham Drainage Board, 
expressed the hope that Col. Butler would furnish records of the experi- 
ments and analyses of the sewage and effluent. Partial purification had 
gone beyond the experimental stage at Birmingham, where a plant was 
now treating 12 million Imperial gallons per day, reducing the oxygen 
consumed from 120 to 90 parts per million and removing from 120 to 
160 parts per million suspended matter. The power consumption averaged 
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10.25 horsepower per million gallons. The cost of the plant was $195,000, 
plus $97,000 for remodeling existing tanks. He would like to know if 
Col. Butler expected, as a result of his investigations, to reduce the esti- 
mated cost of the projected London demonstration plant below $1,220,000 
for a capacity of from 5 to 10 million gallons per day. 

Mr. Arthur J. Martin, of Westminster, stated that the purifying power 
of the Thames was overtaxed and that the present settling tanks should 
be supplemented by partial biological treatment. Complete activated- 
sludge treatment is probably unnecessary; therefore the London County 
Council objective need be only partial treatment, or bio-aeration. 

Mr. S. Duxbury, of Bedford, and Mr. P. G. Lloyd, of Kingston-upon- 
Thames, stated that the paper would have been more useful had it con- 
tained analyses and operating results. 

Mr. J. H. Coste, the chemist who had collaborated with Col. Butler, 
referred to colloids in sewage and the possibility that electrical forces 
inherent in the activated sludge might be responsible, to some extent, 
for removal of colloids. He appreciated the “‘Gallic clarity of the paper, 
which might have been obscured if the numerical data desired by some 
speakers had broken its continuity.” 

Col. Butler, in reply, stated that it was still his belief that the main 
problem in sewage treatment is the production of an effluent that, will 
not deaerate the water of the stream into which it is discharged. He 
assured Dr. Calvert that the conclusions stated in the paper were based 
upon extensive records, and that units of capacity, analyses of sewage 
and other data were reduced to a common measure of comparison. In 
reply to Mr. Whitehead’s inquiry regarding cost, he stated that, where 
a double channel could be used, twice the volume of sewage could be 
treated on the same area, which represented a demonstrable direct saving. 

In conclusion, he said that he had attempted to give only a connected 
account of the main happenings and aims of the tests, although the engi- 
neer or the chemist or the sewage works manager might desire to be fur- 
nished with data of more immediate practical value. 


The Berlin-Stahnsdorf Sewage Treatment Works 
By F. LANGBEIN 
Zeits. des Vereins Deutscher Ingenieure, 74, 1349 (September, 1930) 
ABSTRACTED BY G. P. EDWARDS 
Berlin has at its disposal more than 27,170 acres for sewage farms which 


treat sewage at the rate of about 6400 gallons per acre per day. If the 
lighter, more favorable daily load of 4800 gallons per acre is used, then an 
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additional 8645 acres must be made available. It is estimated that 
71,630 acres will be necessary in 1955. If the relationship between 
natural land and sewage farm land should hold correct, then the acreage 
in 1955 must be increased to 214,890 acres of which only one-third could 
be used for sewage. The high cost of land and the inefficiency of sewage 
farming led the City of Berlin to the plan of building several large treatment 
plants for the purification of increasing amounts of sewage. 

The first large treatment plant, with a daily capacity of 24,000,000 to 
48,000,000 gallons, is under construction south of the city, in Stahnsdorf. 
Half of the preliminary purified sewage will flow to the sewage farms and 
the other half to the activated-sludge tanks. The plant consists of pre- 
liminary settling tanks, preliminary sludge-digestion tanks, sludge heating 
apparatus, digestion tanks, machinery house, aeration tanks and secondary 
settling tanks. Fish ponds and sludge-drying beds are also provided 
for. The screenings will be burned. The fresh sludge from the settling 
tanks, to which the excess activated sludge is added, will be pumped once 
daily to the preliminary digestion tanks. It then flows through the heaters 
to the digestion tanks. The gas is purified and collected in a gas tank. 

Since both purification processes are in operation side by side, their 
actions can be easily compared. The value of settled sludge and of ac- 
tivated-sludge effluent for agricultural purposes should be investigated. 
Although two-story tanks are used at the Wassmannsdorf treatment plant, 
separate settling and digestion tanks are being built at Stahnsdorf. Grit 
chambers, preliminary settling and secondary settling tanks are divided 
into two groups, the design of each being basically different. Four aera- 
tion tanks will be operated only for experimental purposes. Power re- 
quirements for machinery, heating and illumination will be obtained from 
the digestion gases, which will amount to about 350,000 cubic feet per 
day. An electrical generator will be operated by two gas engines. 

About 300,000 cubic yards of earth were excavated, and about 73,000 
cubic yards of concrete, with 6000 tons of iron, were used in construction. 


The Treatment of Sewage by Means of 
Activated Sludge 
By Dr.-ING. EDGAR WINTER 
Monograph 9, Gesundheits-Ingenteur, Munich (1931) 
REVIEWED BY F. W. MOHLMAN 
This monograph deals with the theory and operation of the activated- 


sludge process, with specific reference to results of experimental work at 
Waldenburg. Reference is made to English types of plants but American 
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progress is almost completely ignored. The monograph as a whole seems 
somewhat elementary. It comprises primarily a review of the literature, 
with a rather logical and clear presentation of the various types of plants. 

A short reference to the development of activated sludge includes men- 
tion of an experiment by Dunbar, in 1904, in which he mixed films from a 
biological filter with sewage and, after shaking for some time, determined 
that the sewage was completely purified. 

The mechanism of the action of activated sludge is primarily clarification 
by adsorption, with re-activation of the sludge floc by biological action. 
It is desirable to remove the coarser suspended matter by preliminary sedi- 
mentation. The excess activated sludge can be returned to the raw sewage 
and allowed to settle in the preliminary tanks. The intimate mixing of 
fresh and activated solids is desirable for proper digestion. 

Diffused-air methods of aeration are: (1) the original type of ridge-and- 
furrow construction, (2) the spiral-flow aeration scheme developed by Hurd 
and (3) the Kremer scheme of aeration, or circulation, induced by air-lift 
action from the bottom of various hoppers, with air introduced 20 to 36 
inches below the surface. 

The air required by sewage of various concentrations was estimated by 
Eddy in 1922 to vary from 1.0 to 6.0 cubic feet per gallon. With the Hurd 
type at Indianapolis, the air consumption is 0.5 cubic foot per gallon 
(? Reviewer). The air consumption decreases with an increasing aeration 
period, thus with 8 hours aeration only half as much air is required as with 
4 hours aeration (? Reviewer). 

Mechanical methods of aeration include: (1) the Simplex aerator, (2) the 
Hartley paddles and (3) the Haworth paddles. The power required for 
each of these is, respectively, 25, 17 and 8 horsepower per million gallons. 
The combination of paddle wheels and diffused air, as used at Essen- 
Rellinghausen, requires 7 horsepower per million gallons. (Reviewer. 
No data or references are given to substantiate these statements.) 

The operation of an experimental Haworth plant at Waldenburg demon- 
strated that phenol wastes could be treated in amounts up to 10 per cent 
of the sewage flow. Experiments on the reaeration of sludge by diffused 
air indicated that 1 cubic foot per gallon would be required. 

Settling of activated sludge was studied. It was found that more rapid 
settling occurred in inclined than in vertical cylinders. (Reviewer. The 
diagrams were taken, without acknowledgment, from the Second Report 
of the Investigation of Stockyards Waste, The Sanitary District of Chicago, 
p. 140, 1922.) Various types of hopper-bottomed settling tanks are de- 
scribed, but no mention is made of final settling tanks with mechanical 
means for sludge removal, as used almost exclusively in the United States. 

Returned sludge must be aerated to restore its adsorptive effect. Kolk- 
witz in 1926 observed that when growths of filamentous organisms, such 
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as sphaerotilus fluitans, are present the filaments act somewhat as the ribs 
of an opened umbrella in collecting watery solids, giving rise to “bulking.” 
Reaeration improves this condition. 

Settled sludge from preliminary tanks preceding aeration tanks should 
be disposed of by digestion. Freshly settled solids are reduced from 95 
per cent to 80 per cent moisture by digestion. Excess activated sludge 
should also be disposed of by digestion. The amount of this will vary 
according to the degree of preliminary treatment. - Elrod claimed there 
was no excess sludge in his plants in Texas due to a high degree of pre- 
liminary clarification. (Reviewer. This is hardly representative of Ameri- 
can experience. ) 

The digestion of excess activated sludge at Essen-Rellinghausen, accord- 
ing to Sierp, reduces its water content by 80 per cent; gas production is 
16 liters per capita per day; sludge digestion capacity should be 1.8 cubic 
feet per capita. 

The activated-sludge process will treat a larger volume of sewage per 
unit area than any other process now in use. Cost data are available 
from the Essen-Rellinghausen plant in Germany. The cost of operation 
of an activated-sludge plant is estimated to be double that of a trickling- 
filter, but the construction cost of the latter is considerably greater, so 
that the total costs of operation, including interest and amortization, 
appear to be about the same for both processes. 


The Influence of Chlorine on an Activated-Sludge 
Plant 


By H. D. Beuz 
The Surveyor, 79, 217-218 (Feb. 6, 1931) 
ABSTRACTED BY E. HURWITZ 


During 1929 and 1930, experiments carried on at the Barnsley plant 
demonstrated that chlorine was effective in reducing the load on the bio- 
aeration unit, through a period of abnormally high temperatures and 
drought. On the strength of these experiments, it was decided to install 
a permanent plant, using chloride of lime as the source of chlorine. One 
of the difficulties encountered was the lack of a suitable diluting liquid 
for the preparation of the chlorinating liquor. It was not deemed ad- 
visable to use the tank effluent, which had been used in the 1929 and 1930 
experiments, because of its high chlorine-absorption power. The problem 
was finally solved by using the water from an abandoned shaft and placing 
the suction line in such a position that the final effluent could be used as 
an alternative, should the shaft supply fail. The rest of the chlorinating 
unit consisted of an iron mixing tank divided into two units of 1000-gallon 
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capacity and fitted with suitable outlets for liquid and for sludge, if neces- 
sary. The total cost of the unit was about $250. Its capacity could be 
varied from 25 to 250 gallons per hour, and the available chlorine in the 
liquor could be adjusted from 0.05 to 0.6 per cent, as required. The unit 
has proved ample for the distribution of chlorine to as much as 750,000 
gallons of sewage per day. 

The bio-aeration unit, originally designed for 500,000 gallons per day, 
has, with the aid of chlorine, successfully treated an average of 764,400 
gallons from April, 1930, to January, 1931. The average chlorine dosage 
over this period was 10.46 parts per million. The per cent purification 
based on the four-hour oxygen absorption was 90.8 per cent; the reduction 
of albuminoid nitrogen was 91.1 per cent; suspended matter in final 
effluent, 12 parts per million; and the number of putrefactive final effluent 
samples, none out of 207 determinations. 


The Roéle of Protozoa in Activated Sludge 
By ROBERT CRAMER 
Ind. and Eng. Chemistry, 23, 309-313 (March, 1931) 


ABSTRACTED BY F. W. MOHLMAN 


Experiments have been run at Milwaukee in an attempt to furnish an 
adequate theoretical explanation of the activated-sludge process. It was 
proved some years ago by Dr. John Arthur Wilson that oxygen is necessary. 
Dr. Wilson’s work on the mechanism of the process has often been falsely 
interpreted as meaning that clarification by activated sludge is a purely 
chemical process. The present experiments prove that protozoa are 
necessary in the process of clarification, and that bacteria, both aerobic 
and anaerobic, decompose organic matter and leave it in a colloidal state, 
in which it will not settle but will remain dispersed. 

The research laboratory of the Milwaukee Sewerage Commission took 
up the study of the fundamental character of the activated-sludge process 
toward the end of 1929. It was difficult to run laboratory aeration ex- 
periments, consequently oxygen was supplied in the form of sodium chlo- 
rate. The addition of 0.05 per cent sodium chlorate to raw sewage pre- 
vented it from becoming septic. With 0.3 per cent, the sewage clarified 
in from 2 to 4 days and a typical sludge was formed, ‘“‘which could in no 
way be distinguished from activated sludge.”’ Most of the experiments 
were made with 100 cubic centimeter samples, in small glass containers 
about 5 centimeters in diameter. Conclusions were made on the basis of 
whether the sewage appeared to be clear, or became septic. Statements of 
results appear as ‘‘becomes septic,’’ ‘does not clarify or become septic,” 
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“clarifies in 10 days,” and ‘‘does not putrefy.’’ Analyses of sewage and 
effluents are not given. 

If the sewage was first sterilized, either by heating it in an autoclave at 
15 pounds for 28 minutes, or with chloroform, addition of sodium chlorate 
did not produce clarification. Addition of one drop of activated-sludge 
suspension to the heat-sterilized sewage ‘“‘caused it to become septic.” 
Addition of 0.3 per cent sodium chlorate and one drop of activated-sludge 
suspension “‘caused clarification.’’ The addition of raw sewage or plant 
effluent, instead of activated sludge, produced the same result. 

Enzymes, supposedly obtained by filtering activated-sludge liquor or 
plant effluent through a Berkefeld filter, “‘produced no clarification” in 
sewage to which chlorate had been added and to which air had access. 
Sewage bacteria and yeasts, taken from an agar slant, were introduced into 
heat-sterilized sewage containing 0.3 per cent sodium chlorate. ‘““The 
sewage neither clarified nor did it become septic.” Addition of 1 cubic 
centimeter of raw sewage “‘caused it to clarify.”’ 

When activated sludge was heated to 60° C. for 30 minutes, it was con- 
sidered that all protozoa were killed, but not bacteria. Inoculation with 
this sludge did not produce clarification in sterile sewage containing 0.3 
per cent sodium chlorate, but further addition of a drop of water containing 
a single protozoan ‘‘produced clarification in 1 week.’’ Further inoculation, 
with this sludge, of sewage containing bacteria and yeasts produced clari- 
fication in 48 hours or less. 

Algae were found in the sewage and sludge. In one experiment, 50 parts 
per million copper sulphate was added to kill the algae. Addition of 0.3 per 
cent sodium chlorate and access of air to the surface produced clarification. 

It was assumed that one type of protozoa, vorticella, could be produced 
in pure culture by heating sludge at 50° C. for 5 minutes. The vorticella 
could not be freed from bacteria. Vorticella and paramecia were identified 
most readily. The former organisms were found anchored to a sludge 
particle by a coiled stem. No still picture can convey an adequate idea 
of their activity, ‘‘and their energetic, apparently purposeful movements.” 
When they were paralyzed with osmic acid, they soon decomposed and 
live bacteria seemed to leave their bodies (although this observation was 
not definitely confirmed). 

The experiments indicate to the author that protozoa are the effective 
agents in the action of activated sludge and that ‘‘the maintenance of a 
quantity of reserve sludge in the best of biological condition, to be intro- 
duced into the plant either in small doses regularly or in a large dose when 
needed in an emergency, may well be made a feature in new plant design 
and operating schedules.” 

Previous studies by Dr. Wilson and the author indicated that, other 
conditions being equal, the aeration time required for effective clarification 
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varied in inverse proportion to the amount of solid matter in suspension in 
the mixed liquor. This observation is confirmed by the present experi- 
ments from a new point of view. ‘A given quantity of dispersed organic 
matter (in the raw sewage) will be converted by a greater number of or- 
ganisms in a shorter time, if in both cases they are equally vigorous.” 


The Movement of Liquid between the Settling and 
the Digestion Compartments of Two-Story Tanks 


By Dr.-ING. WILHELM REINHART 
Monograph 10, Gesundheits-Ingenieur, Munich (1930) 


ABSTRACTED BY G. P. EDWARDS 


In order to obtain information concerning the internal processes of 
settling tanks, such as the motion of liquid between the settling and the 
digestion compartments of two-story tanks, series of tests were made in a 
glass experimental tank. This tank was about 21 inches long, 12 inches 
wide and 13 inches deep, and had a capacity of about 13 gallons. In 
general design, the relative dimensions of the tank were kept to the same 
scale as those used in practice. 

There is generally a flow of liquid in the digestion compartment as well 
as in the settling tank, when tanks have open slots between their upper 
and lower compartments. It is theoretically, as well as practically, im- 
possible to prevent liquor passing from the settling to the digestion com- 
partment in such tanks. If the sludge liquor is dense enough the liquor 
movement in the digestion tank is confined to the upper layers, provided 
temperature conditions are favorable and the tank is properly built. How- 
ever, if the rate of flow in the settling compartment is too great or if the 
tanks are not properly constructed, fresh sewage may flow through both 
compartments. 

When fresh sewage enters the digestion tank, some sludge liquor is dis- 
placed into the settling chamber. The smaller the amount and the slower 
the speed of the fresh liquor entering the digestion chamber, the smaller 
the exchange. This exchange from hydrodynamic mixing, assuming nor- 
mal temperature conditions, is mainly dependent on the type of construc- 
tion, the concentration of solids in the sludge liquor and the rate of flow 
of the liquid. This has been calculated to be 0.1—0.4 per cent of the sewage 
flow in a well-constructed plant. Other factors may bring this value to 
0.5—-0.66 per cent. 

This small exchange of liquor is quite harmless. It is important that 
the rate of flow through the settling tank be small enough so as not to 
cause a large flow through the digestion tank and large enough to prevent 
the sewage from becoming septic. 
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Although systems such as OMS tanks with submerged settling tanks 
were not investigated, the results obtained indicated that, in such tanks, 
the exchange of liquid would be greater and the washing-out process more 
rapid than in the Imhoff type. 

A small flow through the digestion tank is desirable as it increases bac- 
terial activity. The tests have shown that practically all of the flow 
occurs in the section of the digestion chamber open to the settling tank. 
In Imhoff tanks, the section behind the baffle is quiet. This can be reme- 
died by using the Munich or Dywidag type of tank or by using an Imhoff 
tank with symmetrical baffles. However, the floating cover space may be 
too small and the slots are easily clogged in this type of Imhoff tank. 

The best construction has, at the effluent end, an overflow weir with a 
baffle in front of it. At the influent end, a sloping trapezium-shaped 
false wall in connection with a baffle is very efficient. The ratio between 
the immersed surface of the false wall and the cross-section surface of the 
settling chamber should be about 1 to 7. The immersion depth should not 
be too great and the lower edge of the false wall should not lie below the 
bottom of the influent channel. The ratio of the immersion depth of the 
false wall to the depth of the slot can be between '/,; and 1/5. 

The distance of the false wall from the influent wall is extremely im- 
portant. The distance is not directly proportional to the length of the 
settling chamber but should be from 10 feet to 11 feet 9 inches. The slope 
of the false wall toward the influent wall should be about 15°. These 
dimensions and proportions apply only to tanks of the Imhoff type, with a 
flow of 8.5 to 42 inches per minute, along the long axis of the settling chamber. 

Treatment plants for homes are different from municipal plants in that 
they are much smaller and have an intermittent flow. Both factors are 
disadvantageous to the smaller plant and are causes for poorer results. 
Generally such plants have too small a settling tank and are poorly de- 
signed. Sudden heavy intermittent loads upset the action in the digestion 
tank. In general small domestic treatment plants should be avoided and 
homes should be connected to municipal sewerage systems. 

Recently sludge liquor in two-story tanks has been heated to 20° C. 
to increase gas production. Temperature investigations have shown that, 
in order to prevent the digesting sludge from rising, the sludge should not 
be more than 5° C. warmer than the sewage. The danger of a greater 
temperature difference exists mostly in autumn and winter when the 
sewage is cooled by melting snow, while the digestion room is still warm 
from summer or from warm sewage. It is good practice to measure the 
temperature of the fresh sewage and the sludge, so as to prevent an over- 
turning of the digestion tank. This danger may be prevented in four ways. 

1. Prevent snow from entering the sewer. 

2. Cool the digestion room artificially. 
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3. Artificially raise the concentration of solids in the sludge. 

4. Bypass the cooled fresh sewage into the storm water canal. 

If the first two methods are not practicable, increased concentration of 
the sludge can be obtained by the addition of a salt not harmful to bacterial 
activity. Temperature and concentration experiments indicate that arti- 
ficially raising the concentration of solids in the sludge liquor removes the 
danger of a turnover of the digestion tank by unfavorable temperature 
conditions. It also permits a smaller exchange of liquid between the 
settling and digestion tanks and indirectly affords a better clarification. 
Probably the best and cheapest solution of the problem is to bypass the 
super-cooled fresh sewage into the storm channel. A temporary addition 
oi sewage to a diluting body, in winter, would be harmless from a biological 
standpoint. 

Separate digestion tanks may be heated to increase gas production, 
whereas this is impossible with Imhoff tanks. The cost of construction 
for two-story tanks is generally higher than for single-story tanks, because 
of the greater depth necessary. However, operation and maintenance 
costs are generally lower for Imhoff tanks. If gas collection is a main issue 
in the selection of a system, single-story separate digestion tanks are to be 
preferred to two-story tanks. 


The Construction and Operation of the Secondary 
Digestion Tanks at the Tafelwerder Treatment Plant 
in Halle 


By Pror. Dr.-ING. HEILMANN AND DIPL.-ING. W. MULLER 
Gesundheits-Ingeniteur, 54, 161 (March 14, 1931) 
ABSTRACTED BY G.. P. EDWARDS 


Investigations have shown that although 353,000 cubic feet of digestion 
space is necessary at Halle, only 205,000 cubic feet are available. If sec- 
ondary digestion tanks, heated to 20° or 25° C., are used, this necessary 
additional space can be reduced from 148,000 cubic feet to 67,000 cubic feet. 

In 1929, a heated secondary digestion unit with 35,000 cubic feet 
capacity was built. This unit consists of two connected round digestion 
tanks, 36 feet in diameter. The tanks are covered with earth as a pro- 
tection against cold. The digestion room has a horizontal cross section 
of about 2430 square feet and an average depth of about 12.7 feet, with 
a maximum depth of 24.5 feet. There is a gas collection surface of about 
700 square feet and the openings to the gas domes are about 27 square feet. 

Sludge is drawn from the Imhoff tanks by hydraulic pressure to a sump 
from where it is pumped by air lift to the secondary digestion tank. Here 
the sludge flows in an open channel, where it can deaerate and enter the 
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tank about 12 feet below the sludge surface. The digested sludge is 
drawn from the bottom of the tank with hydraulic pressure. The tanks 
are hopper bottomed, with a slope of 1:2. Each tank has a draw-off 
pipe for scum or sludge liquor, under the gas domes. No liquor could 
be withdrawn, however, because the space is always filled with scum. 
Apparatus for circulating the sludge is also provided. 

The heating equipment consists of coils of copper pipe, 23 to 26 milli- 
meters in diameter, placed on the hopper bottom about 5 inches off the 
floor. At every 6 feet the pipe is supported by bricks and fastened with 
strong copper wire. There are two coils, about 450 feet in length, in 
each tank. Contrary to American practice, where the heating coils are 
arranged in parallel rings on the wall of the tank, these coils are placed 
on the bottom in the form of an Archimedes spiral, in order to obtain 
equal heating of the sludge. By placing the coil 5 inches from the bottom, 
the sludge sticking to the pipe can be easily removed. 

A motor, which uses digestion gas, drives an air compressor and a hot- 
water pump, which has a capacity of about 26 gallons per minute. The 
heater, which also uses digestion gas, has a capacity of about 700 k. calories 
(2775 B. t. u.) per minute. Hydrogen sulphide is removed from the 
digestion gas to reduce corrosion of the metal parts. 

The gas domes are wrought-iron pyramidal bells which dip about 12 
to 20 inches into the sludge liquor. The gas is metered and collected in 
a large tank. 

The temperature of the sludge is measured by two recording thermom- 
eters which are placed about 7.5 feet below the surface. The amount 
of hot water used is measured and the temperature of the water entering 
and leaving the tank is recorded daily. The amount of gas produced, 
as well as the amount used in the heater and by the motor, is measured. 

At intervals of from 1 to 8 days, 264,000 to 660,000 gallons of sludge are 
pumped from the Imhoff tank to the secondary digestion tank. The 
digestion period during the first part of 1930 was comparatively long but 
later amounted to only 12 to 15 days. This sludge was mainly scum 
from the Imhoff tanks and contained about 65 per cent organic matter 
on the dry basis. After the digestion period of from 15 to 30 days, the 
organic matter decreased to between 50 and 55 per cent. The water 
content of the digested sludge was about the same as it was initially 
and amounted to more than 90 per cent. The pH varied from 7.1 to 
7.6 during the first week. The digestion tank temperature varied from 
21° to 27° C. Circulation of the sludge was tried but no advantage in 
this procedure could be seen. The formation of scum did not seem to 
hinder the sludge digestion. 

According to the measurements, the heater transferred about 143 k. 
calories (567 B. t. u.) per cubic foot of gas to the hot water. The heat 
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given off by the heating coil from a surface of 263.6 square feet was cal- 
culated to be 4.5 k. calories (17.8 B. t. u.) per square foot per hour for 
a difference of 1° C. between the hot water and the sludge. The hot 
water flows through the coil at a rate of about 1.2 feet per second. In 
April, the heat transfer for a temperature difference of 1° C. was 3 k. 
calories (11.9 B. t. u.) per square foot per hour, while only one heater 
was in operation and the rate of flow of hot water was only 0.6 foot per 
second. If this value is compared with 50 k. calories (198 B. t. u.) 
obtained in heating water by coils with a rate of flow of about 1.2 feet 
per second, it is found that the value for sludge is only about 9 per cent 
or 4.5 k. calories (17.8 B. t. u.) per square foot per hour, for 1° C. differ- 
ence in temperature. 

The daily heat losses vary between 0 and 11.4 k. calories (45.2 B. t. u.) 
per cubic foot of digestion space, according to the time of the year and 
according to the length of time the sludge remains in the digestion tank. 
With a short digestion period, the heat losses would be almost balanced 
by the self-heating of the sludge. 

The gas produced from a 35,000-cubic-foot tank amounted to from 
14,000 to 17,600 cubic feet per day, from January to May; 26,500 cubic 
feet, from June to September; and 35,300 cubic feet, from October through 
December. This large increase in gas production is due to a larger quan- 
tity of sludge.in the digestion tank. 

The gas used in heating the secondary tank and by the gas motor was 
only 6000 cubic feet per day, so that a considerable excess of gas could 
be delivered to the municipal gas works. From December 1, 1929, to 
November 30, 1930, 27,534,000 cubic feet of gas was obtained from the 
entire treatment plant, which was used as follows: 


Gas motors for sludge and gas requirements 2,259,000 
Gas motor for the storm water tank 459,000 
Heating plant for the secondary digestion tanks 2,118,000 
Gas delivered to the gas works 22,698,000 
TOTAL 27,534,000 cubic feet 


About 190,000 inhabitants of Halle contribute to the treatment plant 
so that the gas produced amounted to 144.7 cubic feet per capita per 
year, or 0.39 of a cubic foot per capita per day. This amount will doubtless 
be greater in the coming year, since the secondary digestion tank will 
operate more efficiently. An average analysis of the gas is as follows: 


Methane 69.8 per cent 
Carbon dioxide 29.0 per cent 
Nitrogen 1.1 per cent 
Hydrogen sulphide 0.1 per cent 


Heat value 732 B. t. u. per cubic foot 
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A second separate sludge-digestion tank similar in size and in most 
other respects to the first unit is under construction. It was observed 
that in the first separate digestion tank the gas-collection surface was 
too small, and considerable gas escaped through the slots. To correct 
this fault, the gas-collection surface in the second tank was made 2430 
square feet, or more than three times as large as in the first. The number 
of gas domes was also increased from four to eight. The openings into 
the gas domes are about 55 square feet. The greatest depth from the 
hopper bottom to the upper edge is 26 feet. In the new tank, the cover 
is supported by the walls of the balancing chamber instead of by columns 
placed in the digestion room. This construction is simpler and cheaper. 

The heating coils are placed 10 inches from the bottom in an Archimedes 
spiral. The plant is so arranged that thermophilic digestion at 45° C. 
is possible. 

The following are data on the new plant with thermophilic digestion: 


Annual amount of sludge............... 882,500 cubic feet 
Lowest temperature of the added sludge.......... 10°C. 
Temperature of the secondary digestion tank..... 45°C 
Heat necessary to raise the temperature of the 
added sludge from 10° to 45° C............... 3,384 million B. t. u. per year 
or 9.5 million B. t. u. per day 


imeae sonees estemiated At... ... 5. ck cc ccc ce 5.6 million B. t. u. per day 
BUEN EININTEINRUIOG oo. oc av ntdvore 055 0/06 6 ¥ siete sisi oe 15.1 million B. t. u. per day 
or 630,000 B.t. u. per hour 


Two boilers, with a capacity of 315,000 B. t. u. per hour each, were 
chosen for a heating unit. 

The heating coils consist of 1800 feet of copper pipe with a diameter of 
50 to 54 millimeters and a heating surface of 1076 square feet. The heat 
transference value was determined to be 17.8 B. t. u. per cubic foot, with 
a 1° C. difference in temperature and a flow of 1.2 feet per second through 
the coil. If the rate of flow is doubled in the new plant, a greater heat 
transference should be obtained. The determined values, however, were 
used as the basis for calculations. The temperature difference between 
the hot water and the sludge room is 32° C. The hot water must therefore 
have an average temperature of 45° + 32° = 77° C. The hot water 
necessary amounts to about 4750 gallons per hour. The feed water 
should be about 9° C. warmer than the discharged water. 

The sludge and scum will be kept out of the gas domes by wood covers 
or porous concrete covers. Tap water may be added through nozzles 
placed below the wooden covers, in order to keep down the scum. 
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Sludge Digestion as Applied at the Chingford Works 


By W. HuGHEs, MANAGER 
The Surveyor, 79, 267-68 (February 20, 1931) 


ABSTRACTED BY H. GLApys SWOPE 


The four sludge-digestion tanks at Chingford were put in operation in 
March, 1928. The plant treats sewage from a population of 18,000, and 
was designed by Mr. A. J. Martin. The digestion tanks are octagonal in 
plan and are 21 feet deep and 22 feet in diameter. The walls for the upper 
10 feet 6 inches are vertical; the hopper bottom is cone-shaped. The total 
capacity of the tanks is 24,000 cubic feet, but 2400 cubic feet are lost since 
the head of water in the primary settling tanks is used to discharge the 
sludge into the digestion tanks. As the inlet to the tanks is 10 feet 6 
inches from the top (9 feet below usual working level), the sludge is dis- 
charged into the tanks under water. This is a serious handicap, for, if 
the valve is left open for a few minutes after the sludge is removed, the 
digestion tanks become overloaded with liquid sewage. The sludge put 
into the tanks has a moisture content of 94 per cent. 

The tanks were originally designed to be worked in series, but difficulties 
arose. In the first place, Tank 1 was overworked and acid fermentation 
developed. The second tank gave somewhat better results, but Tank 4 
contained mostly water. The latter trouble was due to the placing of 
raw sludge of density 1.0063 in Tank 1, in which the sludge was in an acid 
condition, the sludge density being 0.6717. All of the water in the fresh 
sludge settled to the bottom of the tank and was thereafter withdrawn into 
the other tanks. 

The tanks were therefore used individually and lime was mixed with 
the in-going sludge. Each day 500 cubic feet of fresh sludge is added to a 
different tank, thus allowing a lapse of four days before sludge is again 
added. Mixing is obtained by blowing compressed air through pipes at 
the bottom of the tank at least once a week. About 350 cubic feet of 
digested sludge is withdrawn from each tank twice weekly and is run onto 
drying beds. The digestion period is about 43 days. The digested sludge 
has a moisture content of 91 per cent. After 4 days on drying beds, it 
contains 70.5 per cent moisture and, after 10 days, 58.5 per cent. During 
dry weather the moisture content is reduced to 28 per cent in 14 days. 

Two laboratory experiments were run in Winchester quart bottles, on 
gas production from Chingford sludge. The sludge digested rapidly, 
digestion being reported as complete in the first test in 42 days and in 
the second in 14 days. In the first test the initial sludge contained 93.6 
per cent water and, on the dry basis, 63 per cent volatile matter. The 
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digested sludge contained 91.4 per cent water and 45 per cent volatile 
matter. In the second test 2 liters of sludge gave off 14,300 cubic centi- 
meters of gas. No further data are given. 


A Contribution to the Problem of Scum Removal in 
One- and Two-Story Clarification Tanks 


By J. ZOLLMAN 
Gesundheits-Ingenieur, 54, 61 (1931) 


ABSTRACTED BY G. P. EDWARDS 


The best method for the removal of scum varies with the kind and com- 
position of the scum as well as with the size of the treatment plant. Oils, 
fats, corks, pieces of wood, straw, etc., which collect as scum, are generally 
not easily digested. There has been little reliable information published 
as to the quantity of scum obtained. Metcalf and Eddy report that, in 
the United States, domestic sewage contains about 20 parts per million 
of oil and grease. This fat content is considerably greater than that 
found in Germany. There are five different methods of scum removal. 

(1) Removal by hand is simplest and most suitable, especially for 
small or medium-sized plants. Since grease decomposes slowly it does 
not immediately cause the sludge to become septic, and it may be removed 
in large intermediate tanks. The scum is generally collected in a corner 
by a movable baffle and skimmed off. This method of removal may be 
applied to two-story tanks or single-story tanks in which the sludge flows 
by gravity to sludge sumps, from which it is removed by pressure. 

(2) Removal by means of water under pressure was worked out in 
North America. A pipe, fitted with nozzles having horizontal openings, 
laid around the edge of the tank, furnishes a stream of water at the surface 
of the liquid which forces the grease into a corner, where it is easily re- 
moved. This system may be used anywhere and is especially economical 
in medium-sized or large plants. 

(3) Removal by means of mechanical apparatus is economical only 
in plants where the settled sludge is removed mechanically. The type 
of apparatus depends upon the sludge removal apparatus. 

The Link-Belt Company removes settled sludge from long tanks with 
scrapers fitted on an endless chain which scrape along the bottom. The 
same scrapers push the scum together on the surface. It can then be 
removed by hand or automatically over an overflow weir. The Dorr 
Company skimming apparatus is connected to the rotating sludge scrapers. 
In addition to these continuous methods, there is the intermittent Leipzig 
type where the settled sludge is daily scraped into a sludge sump. A 
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similar movement pushes the scum together at one end and then it is 
drawn off in a special grease sump. This intermittent method seems to 
be superior to the continuous ones, although either may be used on flat 
tanks. During continuous operation, the movement of the water is 
objectionable. 

(4) Removal by compressed air is another method. According to 
present methods of scum removal, only the oil and grease which float 
are removed. In the sewer, sand and other solid particles become more 
or less coated with grease, which makes it difficult to obtain sand free 
from organic matter in the grit chambers. The grease is also injurious 
to digestive action, since it tends to hinder digestion and reduces the 
efficiency of the digestion room. Imhoff aerated the sewage in a special 
grease trap for several minutes in order to free the mineral matter from 
its coating of grease and to aid the separation of grease and fat. This 
method is simple and low in construction cost, has a relatively low operat- 
ing cost and gives the best practical separation. This process may be 
used in any type of plant. 

(5) Removal by automatic separation is the fifth method to be pre- 
sented. Due to the difficulties in removing scum in two-story tanks, 
several types of apparatus, the most typical of which is probably the 
OMS tank, have the settling tank placed under the surface of the liquid, 
from which the scum is removed by special slots on top. There are two 
fundamental errors in this type of construction, especially when it is 
used with domestic sewage. In the first place, the scum from domestic 
sewage is composed of difficultly digestible substances, fat, grease and 
cork. This fat forms a greasy coating on the underside of the cover. 
If this coating is not removed, it begins to digest and infect the sewage, 
causing damage to the action in the digestion tank. To remove this 
coating, it is necessary to partially drain the tank. In the second place, 
this scum gets into the digestion tank and overloads it. The digestion 
tank scum, that is, the digesting sludge buoyed up by gas, becomes mixed 
with the grease and does not settle again. This action may be observed 
repeatedly in submerged settling tanks. 

With a submerged settling tank, the settling section is around the out- 
side of the tank. The center section serves as a part of the digestion 
tank and as a gas vent. Sludge rising for degassing passes up through 
the center section and down through the settling section, bringing down 
the water-soaked greasy scum with it during the circulation. The re- 
moval of grease is largely theoretical in submerged settling tanks. 


Summary 


In small municipal plants, scum (grease and oil) is removed most 
economically by hand. In medium-sized plants, the removal should be 
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by hand or by water under pressure, according to local conditions. In 
large plants, water under pressure or mechanical apparatus should be 
used. The latter is especially economical when used in connection with 
mechanical sludge removal. 


* neat 


Metropolitan Drainage Commission of 
Minneapolis and St. Paul 
Third Report 


1929 and 1930 (157 pages) 
By J. A. Cui_ps, CHIEF ENGINEER 


ABSTRACTED BY C. C. RUCHHOFT 


This report contains additional data and studies that have been made by 
the commission on the sewage disposal problem of the Twin Cities, New- 
port and South St. Paul since the 1928 report. (See THis Journat, I, 
657 (October, 1929).) 

Studies were continued on the Mississippi River from Minneapolis to 
Wabasha. Both 1929 and 1930 were low water years. Septic conditions 
were noted in the pool above the Twin City lock and dam in May of both 
years. The Hastings dam was completed in the fall of 1930, creating a 
pool of relatively quiet water 30 miles in length, extending to the Twin 
City lock and dam. At the Hastings dam the water is discharged against 
concrete baffles for aeration. Analyses of samples indicated a definite in- 
crease in dissolved oxygen in the water. 

The analytical data indicated that the river through and below the Twin 
Cities was nearly as polluted during the summer of 1929 as during the ex- 
treme low water in 1926. Even though the discharge in 1929 was nearly 
twice that of 1926, both the dissolved oxygen and oxygen demand show 
that the water passing the Twin City lock and dam was nearly as highly 
polluted during part of the summer of 1929 as in 1926. The bacteriological 
data substantiated this conclusion. The data collected during the winter 
of 1929 show the effect of ice coverage upon oxygen depletion in Lake 
Pepin. The lake water contained over 10 parts per million of dissolved 
oxygen in December and this steadily decreased as the winter advanced 
and reached 2.1 parts per million when the ice cover broke up, late in 
February. 

Detailed studies were made of possible intercepting-sewer systems, 
and a new project was developed which provides for the delivery of all the 
Minneapolis and St. Paul sewage at Pig’s Eye Lake. This site has natural 
advantages over any other site considered. The Twin Cities could proceed 
with this project without regard to treatment of the packing-plant wastes 
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of South St. Paul and Newport and almost eliminate the nuisance now 
affecting the cities. This project (I-5) provides for the combined treat- 
ment of all sewage from both cities, amounting to about 137,000,000 gallons 
daily, in 1940, and 224,000,000 gallons, in 1970, average dry weather flows 
in either a trickling-filter or an activated-sludge plant. The intercepting 
sewer at the treatment works is designed for a maximum flow of 625 
million gallons per day for 1970. The construction cost of the interceptors 
would be about $12,000,000. The estimated construction costs of the 
treatment works designed on a nuisance-prevention basis are as follows: 


1940 1970 
Trickling-filter plant........ $5,585,000 $13,865,000 
Activated-sludge plant...... 3,840,000 8,365,000 


The total annual charges of the project, including fixed charges and opera- 
tion and maintenance for the interceptors, pumping stations and treat- 
ment works, for 1940, are estimated as $1,415,000 for a trickling-filter 
plant and $1,560,000 for an activated-sludge plant. 

Ten different methods of apportioning the cost to the two cities were 
studied. These included straight assessed valuation, straight sewage 
volume and combinations of these two methods for various portions 
of the project. The costs to each city by these various methods of ap- 
portionment of this project were, in most cases, lower than the costs of in- 
dependent projects for each city. Two tentative construction programs 
are suggested. One of these provides for a ten-year period of construction, 
beginning in 1932, the intercepting sewers to be completed and sufficient 
for the treatment works installed, so that nuisance would be eliminated 
by 1942. The second method is a five-year construction program which 
would provide complete treatment by 1937. 

A very thorough study of the inclusion of the wastes from South St. Paul 
and Newport in the Twin City project was made. These wastes would 
increase the load on the treatment plant by 22.5 per cent, on the basis of 
B. O. D., and 16.0 per cent, on the basis of suspended matter. The cost ofa 
separate plant to treat these wastes was estimated to be between $825,000 
and $1,300,000 for complete treatment for 1940. 

The South St. Paul community alliance proposed to become a part of 
the Metropolitan Drainage District, if any one of several methods of cost 
apportionment is used. The most advantageous one of these, to the 
Twin Cities, is on the straight volume basis. Even this method would 
probably increase the cost of treatment by 7 per cent, to the cities, on the 
1940 program, due to the inclusion of these industrial wastes. 

It is still necessary for the cities in this area to obtain the proper au- 
thority from the state legislature, in order to proceed with some sewage dis- 
posal program. 


& 
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Experiments on the Destruction of the Filter Fly 
(Psychoda) 


By W. D. ScuppER AND H. H. GOLDTHORPE 
The Surveyor, 79, 219-220 (Feb. 6, 1931) 


ABSTRACTED BY E. Hurwitz 


The Huddersfield plant filters are constructed of coarse clinker and are 
circular in form, with rotating sprinkler distributors. The filters cover 
ten acres and are from six to seven feet deep. The walls are made of 
large clinker, held together with wood battens and steel ropes. Psychoda 
have inhabited the filters since their construction in 1910 and, under 
proper atmospheric conditions, drift over into the neighborhood imme- 
diately surrounding the plant. For several years, the principal method 
of combating them was spraying the walls with creosote and crude oil. 
Later, it was found that adding an emulsion of creosote to the tank effluent 
and spraying it over the whole surface by means of the distributors was 
more effective. In the last two years, however, this method failed to 
keep the flies under control. 

In casting about for other means of eliminating these flies, o-dichlor- 
benzene was tried. Parallel tests in which this chemical and the creosote 
emulsion were used showed that o-dichlor-benzene inhibited the breeding 
of Psychoda, after ten days, and gave immunity from the flies for a month. 
The creosote emulsion inhibited the breeding after twenty days and gave 
immunity for a month. In both cases the flies gradually returned until, 
after two months, they were as numerous as they were at the beginning 
of the test. 


An Innovation in Meat-Packing Waste Treatment 
By H. O. HALVORSEN 
Municipal Sanitation, 4, 166-170 (April, 1931) 
ABSTRACTED BY E. HURWITZ 

Investigations of methods of treating packing-house waste in such a way 
that the cost to be borne by the industry should not be excessive, led to the 
use of chlorine as a precipitant for the large amount of protein present in 
sewage of this type. It was realized that this nitrogenous material was 


valuable if it could be economically recovered and its sale would go far 
toward defraying the cost of waste treatment at the packing plant. 
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Preliminary laboratory experiments demonstrated that 60 to 90 per 
cent of the organic material present in the several types of sewage usually 
found at a plant of this kind, could be removed with chlorine. These 
experiments also demonstrated that greater recovery, 80 to 90 per cent, 
was obtained from samples which were fresh and contained only small 
amounts of protein decomposition products. As a result of these labora- 
tory findings, semi-plant-scale experiments were tried. An average of ten of 
these runs showed that the sewage would yield about 3 tons of sludge per 
million gallons, with a nitrogen content of 9.4 per cent, as ammonia. 

The experiments were then put on a continuous-flow basis. This demon- 
strated definitely that at least 3 tons of sludge per million gallons could be 
expected. 

The findings in these preliminary experiments indicated that it was worth 
while to attempt to treat the entire flow. The sewage was passed through 
an improvised chlorinator, from which it flowed into a Dorr clarifier. The 
effluent was discharged into a stream. This treatment removed 70 per 
cent of the organic nitrogen and 95 per cent of the organic matter. Later 
it was found that, by eliminating all waste waters not polluted by organic 
matter, such as condenser water, etc., 80 per cent of the organic matter 
could be recovered in the form of sludge. This sludge could be dewatered 
satisfactorily with a suction filter to about 72 per cent moisture and dried 
in a rotary drier such as that used for ordinary tankage. The dried ma- 
terial had the appearance of tankage and contained 3.70 per cent moisture, 
48.90 per cent protein, 9.50 per cent ammonia, 22.72 per cent fat and 11.60 
per cent ash. It is hoped that this material can be used as stock feed, 
which would give it a value of about $30 per ton; or, failing in that, asa 
fertilizer, which at the present market prices would yield about $20 per ton. 

Following these experiments, a permanent installation treating °/, 
million gallons per day was built. The sewage first undergoes a short 
settling period. It then flows into the chlorinating chamber which has a 
20-minute detention period and, from there, into Dorr thickeners. The 
effluent discharges into a river. 

The chlorine is purchased in tank cars and drawn by vacuum to the mix- 
ing chamber. 

The present cost of operating the plant, including interest, depreciation 
and upkeep, is about $145 per day. At $20 per ton, the net cost to the 
packing company would be about $45 per day. If the dried sludge could 
be used as tankage and sold at $30 per ton, the waste treatment plant would 
yield a small profit. 

The effluent from the plant, which carries a residual of from 0 to 50 parts 
per million chlorine, has caused marked improvement in the river. No 
odors are noticeable and the water is clear below the point of discharge. 
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Some Experiments on the Treatment of a Sewage 
Containing Wool-Scouring Refuse 
By C. C. BEEDHAM 
The Surveyor, 79, 335-36 (March 13, 1931) 


ABSTRACTED BY H. GLADYS SWOPE 


Bradford sewage contains large quantities of wool-scouring liquor. 
The waste is strongly alkaline, yellowish brown in color and often covered 
with a greasy scum. The composition of the waste varies considerably, 
analyses for over one hundred samples being: 


Parts per Million 


Min. Max. Avg. 
SPINOR MORMON EMMA So olor ais Gisis-< Sin ares a glate Sie 398 7,400 1,830 
Alkalinity to methyl orange............... 3,480 29,400 6,780 
SS a 2,400 30,300 11,520 
IRR tae Ae Sore hc ee ewig Be eee ea 3,000 25,800 8,650 


After preliminary treatment for grease removal, the waste is generally 
acid. 

To treat adequately a sewage containing wool-scouring wastes, the 
grease must be removed or destroyed. Grease was separated by sulphuric 
acid at Bradford. The acid was allowed to trickle into the influent to 
the precipitation tanks. A constant pH below 4.5 was maintained. 
For stronger sewages, more acid is necessary and, with crude wool suds, 
a pH of 2.5 was best for precipitation. Samples of the sewage are titrated 
every fifteen minutes during the day and night. 

The mixing of the acid and sewage was found to be a very important 
factor. Experiments were run to determine the amount of mixing for 
optimum conditions. Too much was as detrimental as not enough. Just 
enough to keep the precipitate intimately mixed with the acidified sewage, 
and the addition of a small amount of sludge to the mixing tank, was 
found to give a well-clarified effluent. 

Experiments were run to test the efficacy of biological treatment. 
For trickling filters, the filter medium was ‘singles’ coal, as used at 
Bradford. Effluent from precipitation tanks was adjusted to a known 
pH by the addition of acid or alkali, and the liquor settled over night. 
Supernatant water was then poured off and fed to filters from aspirators. 
Fifty gallons per cubic yard were delivered to the filters for eight hours, 
and sixteen hours were allowed for resting. Experiments were run six 
days each week. For the activated-sludge experiments, the sludge was 
first formed by aerating crude sewage. These experiments were conducted 
in cylinders, and a continuous stream of air was maintained in order to 
keep sludge constantly in circulation. Fifteen per cent by volume was 
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used to start the experiments and the fill-and-draw method was used. 
Each working day half the settled effluent (2 hour’s sedimentation) was 
removed and replaced by a gradual addition of the feed. Experiments 
were conducted during five days of the week. 

The percentage purification obtained (based on oxygen consumed from 
potassium permanganate for 4 hours, at 80° F.) was found to be greatest 
at a pH of 6. Before biological treatment, then, the mixture would have 
to be adjusted from a pH of 4 to a pH of 6, by the addition of lime or 
soda, which would be costly. Fortunately, however, sewage from an 
out district coming to the works by a separate sewer was very alkaline 
and contained very little grease. This alkaline sewage was mixed with 
the wastes treated with acid and the mixture was run into settling tanks. 
Since this method of working has been adopted, 100 gallons per square 
yard per day are now being fed to the filters, instead of 70 as formerly. 


Modern Treatment and Disposal of Sewage 
(Especially as Affecting Trade Wastes) 


By T. P. FRANCIS 


The Journal of the Institution of Municipal and County Engineers, 57, 797-829 
(Jan. 6, 1931) 


ABSTRACTED BY H. GLADYS SWOPE 


The author defines sewage treatment as the artificial adaptation of 
natural processes. In artificial processes the bacterial activity necessary 
for purification is intensified, therefore purification is more rapid than in 
the natural process. ‘The efficiency and economy of biological systems 
depend on the closeness, frequency and duration of the interfacial contact 
between their active media and the sewage, on adequate aeration and on 
the mechanical efficiency developed in the production and maintenance of 
these conditions.” 

Trickling filters and activated sludge are both based on biological 
processes, the difference being in the physical properties of the biologically 
active media. 

Main Principles.—Sewage should be purified so that the effluent, when 
discharged into a river, will not pollute the river during its dry weather 
flow in summer. In determining the effective dilution, such conditions 
as quality and aeration, depth and velocity of flow and proximity of 
other sources of pollution must be studied. 

Domestic Sewage Treatment.—The author discusses two methods of 
preliminary treatment: (1) screening, grit-chamber treatment and 
settling-tank treatment, with or without chemical precipitation; and 
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(2) septic-tank treatment. Except where chemical precipitation is used, 
there is no reduction in dissolved matter. 

For changing the character of the organic material, biological methods 
must be used—either percolating filters or activated-sludge treatment. 
Of the latter, there are three main types: (1) Simplex—which is a re- 
volving cone and gives surface aeration; (2) Sheffield—mechanical aera- 
tion induced by wave action; the sewage is propelled through continuous 
concrete channels by paddle wheels; (3) diffused air. The latter can be 
used in conjunction with mechanical aeration. 

Partial purification by activated sludge has been successfully applied, 
both as an intermediate and as a final process. As an intermediate 
process when operated in conjunction with percolating filters, it has been 
found to at least double the capacity of existing filter areas. 

In complete purification by mechanical systems the activated sludge to 
be returned is “‘reactivated” in the process tanks. This also applies to 
partial purification by any process. 

Mr. Francis defines the purification of sewage and reactivation of the 
sludge as essentially biochemical processes of oxidation. The greatest 
demand on dissolved oxygen occurs at the point of contact between the 
reactivated sludge and the inflowing sewage. 

Sludge Treatment.—In England, except for Birmingham and Bath, 
sludge-digestion tanks are only experimental units. 

At Gelsenkirchen, Priiss operates digestion tanks of his own design 
in conjunction with Imhoff tanks. The Priiss tanks are circular with 
cone-shaped bottoms. A temperature of 25° C. is maintained by heating 
the incoming sludge in a calorifier (the sludge passes through tubes sur- 
rounded by hot water from a gas boiler). Sludge circulation is secured 
by an impeller pump. 

The Dorr type of digestion tank has a flat bottom and revolving rakes. 
Heating is secured by hot-water pipes fastened to the circular walls of the 
tank. 

For other types of sludge disposal, such as drying on sand beds and 
pressing and drying, the author refers to his own article in Proceedings 
of the Institution of Municipal and County Engineers, 56, 977-99, for a 
complete study of the subject. 

Trade Waste Treatment.—Each type of trade waste requires special 
study. One of the most important considerations, however, is to have a 
continuous rather than an intermittent flow of wastes to the treatment 
plant. Even the sensitive activated-sludge treatment can accustom 
itself to certain trade wastes, if they are discharged continuously. Any 
waste containing large quantities of carbohydrate material causes bulking 


of the activated sludge. 
A waste from beet-sugar works and the manufacture of alcohol from 
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molasses is a serious problem at Stockport and Dagenham. The oxygen- 
consumed value (4 hours at 27° C.) was 15,350 parts per million and, for 
the sewage, 127.6 p. p. m. The wastes are decidedly acid and 333.2 
grains of lime per gallon would be required for neutralization. Chemical 
precipitation showed no reduction in dissolved material. Dilution seems 
to be the only effective means of disposal. 

Trend of Developments in Technique.—The conventional type of 
detritus tank is falling into disuse and is being supplanted by devices 
employing mechanical means for the removal of grit. 

Dorr clarifiers and the Essen-Nord type of settlers are being used pre- 
liminary to activated-sludge treatment. In the latter process reaeration 
tanks are becoming more popular, based on the theory that a long de- 
tention period in the reaeration tanks permits shorter time in the aeration 
tanks. 

Chlorination is being used: (1) to keep sewage from becoming septic 
before reaching the disposal works, (2) to reduce the psychoda on trickling 
filters and (3) to eliminate surface ponding of filters. 

A very interesting and lengthy discussion followed the paper. 


Causes of River Pollution 
By F. HEALD 
The Surveyor, 79, 308 (March 6, 1931) 


ABSTRACTED BY H. GLADYS SWOPE 


The standard established by the Ministry of Health regarding sewage 
purification was based on a report of the Royal Commission on Sewage 
Disposal in 1913. In the Salmon and Freshwater Fisheries Act of 1923 
a new standard of purity was set up, which should have been acted upon 
by the Ministry of Health. 

Storm water is allowed to reach a river untreated and in many instances 
this is more of a pollutional factor than trade wastes. 

From ten centers above Nottingham, the Trent and its tributaries re- 
ceive, under normal dry weather conditions, between 70 and 80 million 
gallons per day of sewage. If this is incompletely treated or if an excess 
of untreated storm water is added, the risk of serious damage to the river 


is intensified, 
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Biological Survey of the River Wharfe 


Journal of Ecology, 18, 274-305 (1930) 


ABSTRACTED BY C, C. RUCHHOFT 


Introduction: W.H. PEARSALL.—The River Wharfe was selected for 
detailed study because it represents a northern river which is easily accessi- 
ble and practically free from pollution. The samples were collected and 
observations made at three points representing three main stages in the 
river's course. 

I. Dissolved Substances of Biological Interest in the Waters: 
LABORATORY STAFF OF THE WEST RIDING RIvERS Boarp.—The results 
obtained during the survey from June, 1926, to November, 1930, are pre- 
sented. The suspended matter was usually less than 10 parts per million, 
even at the lowest sampling point on the stream. There are some seasonal 
variations in the organic nitrogen and oxygen-consumed results. The high 
results in these determinations corresponded with the occurrence of a 
brownish color, due to peat. There was very little variation in the bio- 
chemical oxygen demands (5 days, at 65° F.) at the upper two sampling 
points. The B. O. D. at these points was usually about 1.0 part per 
million, indicating a very clean river. At the lowest sampling point, the 
B. O. D. varied from 1.1 to 3.3 parts per million. However, on five occa- 
sions the results were higher than the corresponding four-hour oxygen- 
consumed figures, and it was believed that possible pollution was indicated 
on these occasions. During the entire investigation, the lowest dissolved 
oxygen saturation recorded was 79.8 per cent. 

II. Report on the Invertebrate Fauna: E. PercIvAL AND H. WHITE- 
HEAD.—Only the invertebrates were studied and of these groups the Pro- 
tozoa, Nematoda and Rotifera were omitted. The great majority of 
species found at all stations require water well saturated with oxygen. 
Representatives of the following groups were obtained in the survey. 


1. Aquatic Insect Larvae 


Diptera (Flies), 16 species 
Coleoptera (Beetles), 14 species 
Ephemeroptera (Mayflies), 13 species 
Plecoptera (Stoneflies), 14 species 
Trichoptera (Caddisflies), 29 species 
Neuroptera, 1 species 


Mollusca, 13 species 

Hydrocarina (Water Mites), 19 species 
Crustacae, 4 species 

Hirudinae (Leeches), 4 species 
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6. Oligochaeta (Earthworms), 9 species 

7. Tricladida (Flatworms), 3 species 

8. Hydrozoa, 1 species 

9. Porifera (Sponges), 1 species 

Tables show the occurrence of the various species at the different 
sampling points, the stages in the life cycle of the most common forms taken 
during the various months of the year and analyses of typical samples from 
various types of river bottoms. 

III. Algae Present in the Wharfe Plankton: W. LAWRENCE SCHROE- 
DER.—In all of the collections the dominant material was vegetable debris. 
There were comparatively few filamentous algae and several species were 
represented by mere fragments. The frequencies given are only approxi- 
mations, due to the difficulties in statistical enumeration of the minute 
flora in the presence of debris. Most of the species were limited in their 
distribution. A table is included giving the various species of Chloro- 
phyceae, Diatoms and Myrophyceae, found during the summer months 
at the three stations. 








